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(54)TiUe: FAT-BINDING POLYMERS 
(57) Abstract 

-nie present invention relates to a method for treating obesity, a method for reducing the absorption of dietary fat. and a metfiod for 
treatinr^yp^SS^^^^ in a patient and to particular polymers for use in the methods or m a manufacture of a "^^^/^^'"^^ • 
SI comJ^« of orally administering to a mammal, such as a human, a therapeutically ^^^^^f^"^ 

-n^e administktion of the fat-binding polymer of the invention facUitates the removal ^ J;^°;^ 
Lsti^ wiS minimal side effects and low toxicity. In a preferred embodiment, the one or more fat-bmdmg polymers are administered 
in combination with one or more lipase inhibitors, for example, lipstatin and tctrahydrohpstatm. 
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FAT-BINDING POLYMERS 



BACKGROUND OF THE INVENTION 

Human obesity is a recognized health problem with approximately 97 
million people considered clinically overweight in the United States. The 
5 accumulation or maintenance of body fat bears a direct relationship to calonc 

_ intake Therefore, one of the most common me&ods for weight control to combat 
" " obesity is'the useVf relativelyVw:fat,Tow-^^^^^ diets" fliat isrdiets contaifflng-less - 
fat and calories than a "normal diet" or that amount generally consumed by the 

patient. , r j 

1 0 The presence of fats in a great many food sources greatly limits the food 

sources which can be used in a low-fat diet. Additionally, fats contribute to the 
flavor, appearance and physical characteristics of many foodstuffs. As such, the 
acceptabiUty of low-fat diets and the maintenance of such diets are difficult. 

Various chemical approaches have been proposed for controlling obesity. 
15 Anorectic agents, such as dextroamphetamine, the combination of the non- 
amphetamine drugs phentennine and fenfluramine ("Phen-Fen") and 
dexfenfluramine (Redux) alone, are associated with serious side effects, 
^digestible materials such as OLESTOA™. mineral oU or neopentyl esters (see 
U S Patent No. 2.962,419) have been proposed as substitutes for dietary fat. 
20 Garcinia acid and derivatives thereof have been described as treating obesity by 
• interfering with fatty acid synthesis. Swellable crosslinked vinyl pyriduie resms 
have been described as appetite suppressants via the mechanism of providmg non- 
nutritive bulk, as in U.S. Patent 2,923.662. Surgical techniques, such as temporary 
ileal bypass surgery, are employed in extreme cases. 
25 However, methods for treating obesity, such as those described above, have 

serious shortcomings with controlled diet remaining the most prevalent technique 
for controUing obesity. As such, new methods for treating obesity are needed. 
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.eaucin, .he of dieury f«. 3»i a me«». for 

administering to a mammal, su.h as numan, 

^ 5,8 089 «. Had™? « The =ombma.ion admu«stn.t.on «n reduce m. 
.5 l>p..aseHo.s«e.ffec.re^.ingfio»*cad».-s^onofaUpase.* 

"""r.:x:::-ofd.— — auea«o...-hh,d^ 

„,„„T^.Ur;o„ca„U«,udeare,onha..Sapos.veehar8e,are.^ 
:«Uh,drop^Hcorare8,onhavi„8ap«sitiv.char,e.dwh.ch. 

^„*e8roupco.^s.nsofpo.^-.--;;-J^^^^^ 
■ polyallcylm«hac,ylates,pol>mefhac,ylanBdes.poly-N.OcyUcry 

^J,haery,a..des,suhsH«.edaeHvaav.s.her.ofa^co^^ 
„ elpK.he.hs,,..eddeHva.>v..of.epo.^«.J^-^^ 
..suchassubsH^edor— 
3„.,,.ds„hs.».edor— «dar„^S.^^-^« 

o„ me ancy. or ary, groups include, W are no. »■ ""^ 

. aUcoxy, aryl. ary.oxy. aral^U h-oge„. annne, ^ 
,0 «a««le,*epolyBercanbepo.y(dime*y.annnopropylac.ylannd»). 
Z^eJ— un,e*y.a^.a«,,po,y(«in.eU.y— 
:eLyU»).po.,«lanuno„iun.propy,ac,yIan>idc),poMdod»:y> 
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containing polymer, for example, poly(vtoylalcohol). 

" "~:^ace.boa"ta».,'*='^«"^'^"-^^^^^ ■ 
„,^..h«=moneormorehyd,ophobic,egionsarebo«nd«,apo«.»aoffl. 

,3«dabo«60p«ce„.ofU.= anu„.ni.rogensa«subsU«ud.p«f.rablybe»,eea 

about 1 and about 30 percent. 

^an««>er«.boai»««.mehy.r^bobicregioaofme..^b.^g.»y^^ 

; canindudeahyd™phobic»oi«y.for.»«>.l=.as^sa«udor— »1 

.™a,.b.a„c..o.^aea,^.^"P--;--^^^^^^^ 
bytophobic moiety an alkyl group ot beWeea 

■^tl.ere.b^.^.-yaropboMcre.oo.a^a.^^^^^^ 
,„ eon..,^gn.ote.havinga«n*»lhydrophobics*s..uen.. Su.«b,»b.c 
:gi„.wUca„inc,».e.b,d«pbobico„ie.ana/ora„^^ 
J„,ai..ngn.oie.y=rcaescnn«db«einandi.U.S.P«e.«Nos.5^.^^^^ 
■ 567V17and5,618.530,tee„fec,«en«of»hiohare>ncon»r.«"«»'>' 

„ "^.::::r— ------- 

^b.r»ba..oaede..ed.aS.KO..S.^^^^ 
and U S.S. N. 09/166,510 filed on October 5. 1998, the entire 

30 proper..saLase.eeUen.t.bi»-i».P-P-'-^'-'--^^^^^^^ 
„,Lu>e«.bindi«gPO.yn.«sareadmi.«s«r»dincon.b«a„o„w>U,Upaae 
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as describe! ^ "nd«irab.e side effects experieoced, such as 
s,.a.onhea,when«>eBpasetahibi»sa«ad«nis»redaI«»ca„be.ess«^. 

DETAILED DESCRIPTION OF THE INVENTION 

The featv.es and otede^ilsofd-emveadon^illBowbem^repamcuUrly 

S aescdbedandpointedoutbelowaswellasinthecUin.. I. »iU be understood. hat 
:pa«.u,3,e!Ibodiu,entsor.he — atesbo^nbywayofiUustnttoua.^ 
J.Wta.iousof,heJnven.iou.Thepnndpl.fea»«somsinv.nuon oanbe 

employed in various embodiments without departing 6om the seop. of the 

invention. . 
0 ln„neaspect,,heinv=n.ionr=la.=stoame.hodfor<,eatmgobes.ty 

' compHsingd«st.pcfor.lyadn^.=ri«.."a--^>*-P-'''^;^^ 
amount of one„rmo««-bindingpolym=rs.lnapref.,«dembodm,en^.heft.- 

bindingpol,m.rUadministeredineombma.ionwid,a,herapeuticaUyeir.c«v. 

amount of a lipase inhibitor. 
,5 i,ano.heraspect,theinventionreh«.sU,amethodfotreducmg.he 

absotpdonofdieta,yMe<»nprismg.hestepofo«I.yadministen„gtoamamma>a 

thetapeuticatty effeetive amount of one or more ftt-bir-ing polymers. In a 
prefLembodiment.the^.bindingpc.ymeris»imims.eredineombmat.on»^ 

a therapeuticaUy effective amount of a lipase inhibitor. 
,0 faye,ano.heraspect,.heinventi».relatesto.me.hodfbr.rea«ng 

hypermglyceHden^a in a mamma, comprisingthe step of orally ^iministenng U> a 
• ma,mna,a,he,apeutica,lyeffectiveamountofoneormore«.bi.»«.g p.l>™- 
I„apreferr^embodiment.,hefa.-bindingpolym=rUadmimsteredmcombm.ho» 

with a therapeutically effective amount of a lipase inhibitor. 
25 A particular aspect of the tavenUon relates to a method for heatmg 

steatonhea comprising the step of orally admmistering to a mammal a 

therapeutically effechve amount of a fat-bindrng polymer, to a 
embodimen,thesteatorrheaisaresultofthe administration ofahp.e„tobi»^ 

The inv^ition also relatestofat-bmding polymers useM in d» method of 



30 the invention. 
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, .nterfeces For cxamp... pancr^Hc Upas., whi* is key ».ym. of d>«an- 
' :,1^ae«.=xe»i.ac.vt..«..»«c^pi*in«^=.^^ 

e^pabU of i^bidngfte ac-on of Upas., (or example, B-"*' 

US Pa,jNo.4.59S,089»Ha<.va„««/...b.=„tireco..».of*c-s^by 
,^.dbyr=f^ar=po.«.inhibi»rsofbc.hgas«oandpancroaBC 

rr3sw.nascb„l=s»r.,««rhy.ro>a«. LipsuUn is a na«ral product of 
:::Mori^ana««a.yaro«ps,a..is.c^-ofcafa.^cb^^^^^^^^^^^ 
,5 lipsudn. 0««Upasoi.4ibi».sMud=aclassofco,„po™dco„™,oMy.f«redJ 
TpancHd^s. PancHciBS analogs of T=»ahydroUps.a.^(S«e.s M . ^^^^^ 
:l,.pancUci.,No«,Paocrea.cUpasc«bi»rs,H. S»-,mc.^^ 

hereby incorporated by reference.) 

.Taldinspo>ymers",asa«.»nnis„s.dh«.in.ar.p.b™«swbrcb 

absorb. bu.d or od,e™.associ.«»i*.a.«.«byi.*ibiting(par«a.ly or 

Lp..=,y)fa,.s«aon.bydro,ysis,or.b»rp.o„in«^ 
■ 3„d/LfaciU.a,togter«nova.offa.fromtobodyp.ior.od.g=sno,.Th.fa, 

:l — oneor^ora^.bindingr.,0.. ■Ta.bi,.^ 

,S :l^odr.nca„inc.d=apo*=lycbargedr.sio.abydropbob.ra.o..^ 

region «bich is both positively cbarged and hydrophobrc. 

W as tbat tennis used herein, are solids or moid otUgenerany 

consistingof g^cerol «te,s of fatty acids. Sources of fats include botbann.«i and 
:^,ejL=xan.p.."iSlyc.ndccstersofsa«ratedand/oruns.»^ 
30 acL, fteefa,tyacids.diglyccdd.s,n»noglycc.des.pbospboUp.dsandcboles,crol 

esters are fats, as defined herein. 
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A™ie.yofpolyn«c.nb.emplay«iintoinv»«ond=scnWh^m. 

The polymers y A ".vnlhstic polymer", as that term 

aliphatic and synthetic polymers are preferred. A syntheucp 5™ 
i.Lp,oyed herein, isapolymerwhichisnotohtainableftomanahnalso^e 

ei Jdirectly orthrou^aminorderiva.i.ationof.he — occn^s ^ 
Further, the polymer can he hydrophobic hyd«.philie or copolymers of 
hXphohicandyorhyarophilicmonomers. The polymers can he mannfact,^ 
. Llfinicor.e«mon™e.j.chas_vi„ylalcohol,_a^^^^^^ _ _ 

acid) or condensation polymers. 

Forexample,thepo,ymerscani.c.udepolyvinyialcobo,,polyvmy^e, 

poly-N.all,lvinyla.mn.,polyally.amme,poly-N«^^^ 
poly-N-alkyldiallylamine, polyalkylenimine, '^^'y^'^'"^ 

poly-N-all5-hnethacrylanndes, polystyrene, polyvinytaaphthalene, 
^,ye.hylvinylhe„zene,polyami»>s.y.^po.yviny.hiphenyl,pol^^^^ 

polyvinylimidazoHpolyvinylpyridinylpolydimethylamin^^^^ 
polyrtmeftylammomum ethyl methacrylatcpolytrimethylammomum ethyl 
acryla.e,andsubsti»«edderivadvesoftheabove(e.g,fluorma.edmonomers 

, teeoOandcopolymersthereof. >"additi"».'k«P<"=™-""'«*^" 

ch3racLzedhyoneorn,,resuhs«h.e«ssuchassubsti»en,s.snchass>*s«^d 

3nd„nsuhs.itu,»i,.^ornnsa«ratedaD^.,andsnhs.i««ed.r».»*sU^^ 

• arylgroups. Suiuble groups to employ include cadonie or neutral ro.p=, such as 

atoxya.yl.a.yloxy.aralkyl. halogen, amine, and ammonium groups. 

, pllrly preferred polymers include polyaHcylacylates, polyacrylanndes. 

• polyaBiyh„ethac,yla.es,polym.thacrylamides,poly-N-alkylacryhmiW 
alkyhnethacrylamidesandcopolymersthereof. These polymers can beta*- 
Characterized by one or more suhstitnents, such as subsUtmed or 
^ or unsa^rated a^y,, and subsisted or unsuhstituted ary, ^ups. Smtable 

30 substim«.ts include cationic or neutral groups, such as alkoxy, a-yl, an^loxy, 
aralkyl, halogen, amine, and ammonium groups, tor example. 
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other particularly preferred polymers include aUphatic amine polymers, 
suchaspolyallylamine.polydiaUylamine.polydiaUyhnethylam^^^ 
polyethylenimine. In a specific embodiment, the amine polymer comprises one or 
more hydrophobic regions which are bound to a portion of the amine nitrogens of 
5 the amine polymer. M a particular embodiment, between about 1 and about 60 
percent of the amine nitrogens are substituted, preferably between about 1 and about 
30 percent. 

In one embodiment^the hydrophobic region of the fat-binding polymer can 
"indude a hydrophobVm^ietyJor example: a substimted or^i^^^ 
10 branched or cyclic alkyl group having at least four carbons. In a specific 

embodiment, the hydrophobic moiety is an alkyl group of between about four and 
thirty carbons. 

In another embodiment, the hydrophobic region is a quaternary amine- 
containing moiety having a terminal hydrophobic substituent 
15 In yet another embodiment, the fat-binding region comprises a mtrogen, for 

example, the nitrogen of an amine, capable of possessing a positive charge under 
conditions present in the gastro-intestinal tract For example, a quaternary amme- 
containing moiety, or the nitrogen of a polyamine. 

In yet another embodiment, the fat-binding polymer is a hydroxyl-contammg 
20 polymer, for example, poly(vinylalcohol) which can comprise fi^er fat-bindmg 
regions. For example, the polymer comprises a repeat mut having the formula 

-[CH^-CH-] 



25 



wherein R is a hydrophobic region. 



Other polymers and methods of preparation, which can be used in the 
claimed invention have been reported in the patent Uterature m, for example. Umted 
30 States Patent Nos. 5,487.888, 5496.545. 5.607,669. 5,618.530. 5,624.963. 
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5 667 775, and 5.679,717 and co-pending U.S. Applications having Senal Nos 
08/471 747, 08/482,969. 08/567,933. 08/659.264. 08/823,699. 08/835,857. 
08/470.940. 08/461,298, 08/826,197. 08/777.408, 08/927.247, 08/964.956, 
08/964.498. and 08/964.536. the entire contents of all of which are incorporated 

5 herein by reference. 

The polymer can be linear or crosslinked. Crosslinking can be performed by 
reacting the copolymer with one or more crosslinking agents having two or more 
functxonal groups, such as electrophilic groups, whichreact with, for example, 
" ^ne^ups to fonn acovalentbond: CioiiliSiBng ih-tfiis-case-can occur.-for 
10 example, via nucleophilic attack of the polymer amino groups on the electrophthc 
groups. This results in the formation of a bridging unit which Unks two or more 
anuno nitrogen atoms from different polymer strands. Suitable crossUnking agents 
of this type include compounds having two or more groups selected from among 
acyl chloride, epoxide, and alkyl-X. wherein X is a suitable leaving group, such as a 
15 halo.tosylormesylgroup. Examples of such compounds include, but are not 
Umited to. epicWorohydiin, succinyl dichloride, acryloyl chloride, 
butanedioldiglycidyl ether, ethanedioldiglycidyl ether, pyromellitic dianhydnde, and 
dihaloalkanes. These crosslinking agents are referred to herein as multifimcUonal 

crosslinking agents. 
20 The polymer composition can also be crosslinked by including a 

multifunctional co-monomer as the crosslinking agent in the polymerization 
reaction mixture. A multifunctional co-monomer can be incorporated mto two or 
• more growing polymer chains, thereby crosslinking the chains. Suitable 
multifimctional co-monomers include, but are not limited to. diacrylates, 
25 triacrylates, and tetraacrylates. dimethacrylates, diacrylamides, and 

dimethacrylamides. Specific examples include ethylene glycol diacrylate, 
propylene glycol diacrylate, butylene glycol diacrylate, ethylene glycol 
dimethacrylate, butylene glycol dimethacrylate, methylene bis(methacrylamide), 
ethylene bis(acrylamide). ethylene bis(methacrylamide), ethylidene bis(acrylamade). 
30 ethylidene bis(methacrylamide), pentaerythritol tetraacrylate, trimethylolpropane 
triacrylate, bisphenol A dimethacrylate, and bisphenol A diacrylate. Other suitable 
multifunctional monomers include polyvinylarenes. such as divinylbenzene. 
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The am- of c^^-liBking agca, is wcaliy between about 0.5 and *ou. 
25 weigh.%basedo„ .he combined wei^t of crosslinlcing agent .nd monomers, 

L,.rO%b.inspr.f.n.i Xypic*. the amount of c.ss-ii^g agent that. 
r,ed.ith.hepo.,mer,w>»*ecrosa«i.g.gen.isamuiU— 
, :::l,oJbet„een3houtO.,and20pe^tofU..nu«spresen,on 

*emo„omer.fo,«tamp.e,«.an»e.o«ae.wi«..hec™ssH.l^^^ 

preferred embodunen^ between about 3 and 15 percent of the nuoleophrhc srtes. 

example, amines react with the multifimcU<m.'c«>»'i'*i»f«««- 
T^ehydrop«cregioior-re^o5sTfTOiBding^lymers«eIude.b^^ - . - 

,0 are not limited to. for example, a hydrophobic mo,«y such as a subsdtuted or 

^subs.»ted.norma,.bra„chedorcyeUca.^.grouph.vinga.l.as.a^.^^^ 

^ons. For example, a hydrophobic moiety such as an aBcyl group ofa. .^o^ 
carbons c^behoundto .he fat-bindingpolymer, tor example, throng anammeof 

the fat-binding polymer. ■ „,„i,i,.h asa 

A "hydrophobic moiety-, as the term is used herem, rs a moiety wbch, as 
.eparateen.ity.ismoreso.Ubleinoc»oltha„wa.er.Forexample..heoc^.^^ 
(CH)ishydrophohicbecauseitsparen.alkane.oc,ane.hasgrea.ersolub,l.tym 
c^ Linler. The hydrophobic moieties can be a saturated or unsaturate, 
r.»tedorunsubs.m.edhyd™ca,bongroup.Suchgroupsinc,udesubs„t«^ 
20 and^^strmteinormAbranchedorcycUcalkyl^upshavingaUeastfo^ 

carbon«oms.subs.i.u.edorunsubsUm.ed..yUl^.orbe.eroarylall^.^uP- 

.bsumtedorunsubstin-edarylorhe^roarylgroup. ^^^-l^'^^^ 
. moietymcludesanaacylgroupofbetweenaboutfourandthrrtycarbons. Specfic 

examples of sui^blehydrophobicmoiedesinclude^eMowingalltyl^up- 

25 hexyl n-heptyl. n-octyl. n-nonyl. n-decyl. n-undecyl, n-dodecyl^ ^^f^^ 
oc:decyl..e.hy.ex,.3-propyl...me.h,decy,»,dco— 
samples of suiuble hydrophobic n„.ieties i^lude haloalltyl ^.ps of at leas. srx 
carbons(e.g..lO-halodecyl),hydroxyaIlcylgroupsofatleastsixcarbons(e.g..n- 

hydroxyunde^l). and araU=y, ^o^s (e.g.. -^.^ 

The positively charged region or regions of the 6. bmomgp y 
hu.are.o.hmited.o.fore^ple.anamineni.rogencapah.eofposse^ga 
P^tiv.chargeundercondiUonsp..en.m,hegas«>-in.es«nal,ractanda 



30 
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quaternary amin=-oo.»i«ingn.oi«y. S«,«blc a™n«o„.a»u.8 
Leu« inOuac aUcy, ,Ha»=y.«.™»- p>„ps a,» refar«i ,o a. ar^nomodM 
;lp.Th=.cn»/3™n»nio..^n.sus.ah.r=in.refers,oa„a3i=y>g.^^^^^ 

5 aron,isa„an.n,o„iun,„i.rog=na«»n»hichb«rS3na>.cy,=..^t»«..»^ 

3U:,Uubs,im=nuhavingfton,abo«o„..cabo».t««..y-fouroarb<»s. A 

sub^."offl.e,M«nwy.mi.=-— grnoi«y.asfl..«nn«»Pto^ 

" " is any;;."om= teee — amB=™g-«l"ch - 

,0 is„o.to.carbonchainbe,w«n.hepolym.rbaokbon=andtt.emtrog=noffte 

:l,,«.ya.™o,.un.cen.er..aspeci«c— =n.,*epo>,,n.r.s»a»^^ 

polyn,. a.^ «^ aBcyene group ^ *= an-onium ni^ogen ^ » 
Lroffl»po.,m«.I.is»b.».^oa4a.multip.emoi=u«canbabo„nd» 

same amta and/or diir««t »nm.s otthe polymer conrposmon. 

to anoto anbodimem. *= qua.cn«ry armne-contai,^ mcety can bear a. 

one »nnna> bydrophobic m 7' TLbrc 

,e,.eenabomfburandtwen.y.fonrca,bons.*acbyprovidingbo.babydrop^b,c 

region and a positively charged region in con*ina<.on. 

An annnonioalkyl group »m ftrte include a negaHvely charged 

JO counierion. such as a conjugare base of a ^^-^^'^'^'^'^^ . 
Examples of sui.ab.ecoun,erionsir«lud.Cr.PO.,Br-.CH,S03.HSO.,SO 

HCO,-, CO,", acerare, lactate. succinau=.propion«e, butyrate, ascorbate, ctrate, 
■ n«leate, folate, an amino acid derivative, and a nucleotide. 

Suitable ammonioalkyl groups are of the general formula: 

25 



15 



(I) 



30 ^ereh„R'.R'andR'represen.anallcylgroup,wbe.taeachR'-R>,independ»,tly. 
ranormalorbranched.su^««.tedorunsubstin..edal^lgronphavmgac«bon 
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^ chain ^ of b««==n 3bo„ one » *o« twenty-four =a*on atoms, n ,s ^ 
integcrhavtag avalucof two ormot. and Y isanegaSvoly charged countcno. In 
. particular embodim««. R', «»i R' areall mcfcyl groups and n is an nucgcr 

between about 2 and about 12 (e.g, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, or 12). 
S Thealkylgroup,whichprovidesfl«alkyle.eIinkinggroupbetwe«>*e 

polymer, for example, and dte amine of .he amine.=on.aining monomer or rep«. 

and the ammonium ninogen of the aUcyl tialkylammoninm group, rs two or 
^ carbon atoms m length. Examples of prefmed alkylen. hnking groups » 
ethyl, propyl, butyl, pentyl, hexyl, octyl. and decyl ^ups. Example of smtable 
,0 quaternary amine-containing moieties include, but arenot limitedto; 
3<trinie.hylammonio)propyl;4-(trimethylammonio)butyl-, 

6.(,rimethytenmonio)hexyl; 8-(trimethylammonio)octyl; 
,0.(.rimethyUmmomo)decyl;12-(trimethylanunonio)dodecyl and comb-natrons 

. fliereof. Aparticularlyprefe.redamine-containingmoiety.aa 

15 6-(trimethytammonio)hexyl group- 

Alternatively, a ,u«emary amine^ontaining moiety and a hydrophob.c 
moiety arepresen. in the same subsdh^t, thereby providing bothaposihvely 

charge4andhydro^bicregionincombina.i.n. F„ example. the quaternary 
amine nitrogen . ammonium mtrogen of *e ,ua«mary amine<ontaunng mo.e.y 
.0 boundtothepolymerbackbonebyanaBcyla^havingtwoormo^oj^- 
However,atleastoneofth..h«e.emrinalsubsdtuen«,(R',R andR)of.he 
3mmoniumnitrogen,sahydrophobieal^.g«up having ftomto^abonttw^^- 
■ fourcarbons. ^eremaunng terminal subshn»«s are each i.dep«.dentty a nonnal 
„.branched,substim.edorunsubs.im.edalkylgn».ptavi«gf^mon=«> about 
,5 twenty-fourcarbonsorahydrogenatom. D. another embodim««,«. east™ of d,e 

tee terminal substimen. can be hydrophobic alkyl groups having from fbur to 
ahouttwenty-four carbons, .heremainderhavmgtom.ne.«abou.^.a.ty.four 

c^ns or a hydrogen atom. h. a h^her embodhnen, al, three 
«^mentscanbehydrophobica^lgro»pshavmgiromsix,o.b«ut.«en,y..6ur 

30 caibons. . • i j 

A ■•hydrophobic alkyl group-, as that term is employed her«n, mcludes a 

substinned or unaubstim.«i aUryl g»up having 6om fcur to about twenty-four 
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„nbe>r«.n^l.a„onnalorbra.cheisubsh««ed.>ru^.««d*yl group 

having ftom six to about twenty-four caAons. 

Particular cx-plcs of ,ua.ematyatnme<on-a»^gmoi»=s,«h.chp«.v,do 

b„,hahyd™phobic»ul,ua.=ma.yaouu«ontaitungsubsUtu=...,i.»ludc.bu.^ 

not limited to: 

4.(dioctylmethylainmonio)butyl;3-(dodecyldimeA^^ 
- i:(ol:tylffimethylanmionio)propy-U^^^^^^^^ 



10 



15 



20 



25 



(octyiaimemyianuiwiuw/K'-t'^-. - V- - 
,K6od=cyldimelhyla..mK»uo)pe«yl-.6K4im«l«'l*==yl=^^^ 
6-(d=cyIdim.thytamo.no)hcxyl; 3Ktri<l«ylanm.oi>io)piopyl; 

Hdocosyldim«hylammomo)pnwl;6K*»»^l*»=*>''™^°"°>^^^ 
4.(dod«yldi.ne.h,la»uno,no)bu.yl-,3-<o<«i«yldim.thyl^^^ 

Mh=xyldm.ethylanmonio)propyl-,3-<m«hyldio«ylammonio)propyl; 
Hdidocyta=ll.ylanuuotuo)pn.pyl;3-(hq.tyldi,n=thylamnvo,uo^^^^ 
3.(d,,„«hyIaouylMuno,>io)propyl;6<din»a>ytad«yUnmomo)hexyt 
4-(l,=ptyldime,hyl3r.m>ouio)butyl;4-(dioctylm=*yla«>momo)b^^^^ 
6-(octyldimotl,yl3tBmonio)hexyl; i2-{decyldim=thylammomo)dod«yk 
3.,dimethylund=cylanumuo)propyl; and 3-(t.trad«yldim«hylan«uomo)p..pyl 

0.tosui.abMuatema,yami«-con.ainingmoi«iesinch>d.s«ond3ryand 

^ analogs, such as 4.(dioc.yta=.hylanunomo)4.m.thylb«.yl aod<^ 
(dioctylinMhytaumonio)-4.''-<taeil>ylbutyl. 

T^eftt-bindingpolymers of theinvenUoncanbe formed, to example, by 
■ ^ung a polymer, wbich can be linear or crosslinked. with a suitable alkylatmg 

agent or by polymerizing an alkylated monomer. 

An"acyla.i.gagenf.asto.te™isemployedhe,=in.m.ansarea«antta,. 

„hen reacted wiAamooomeror.copolymer characterized byarepeatunttofthe 
invention and having a nucleophiUc site capable of reaction with the acylaung 
agen. causes an acyl substituent. in particular a hydrophobic acyl substtment, as 
dLib«. herein, to be covalently bound to one or more of sites on the fa,-bmd,„g 
, po,ymer.forexample.theamineni,,og»..om.orhydroxyloxygenso™^ 
conuiningorhydK,xyl-containingnKmom.,orpo.ymer.respect,veiy.Fu,.h«. 
when multiple^bstimentsare employed, they canbebonndtothesame and/or 
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oxygen of a hydroxyl-containing polymer. 

Sui^bl. «yU*.. .8=- co»po»d. con,pri.ing an acy, group o, a^l 
5 ,.rivaUv=.fo,«=n>p..ana»hyahde. For «an.p,.. when *e acyia..g ag«U « 
anh^.^ *e nnCeopM. is „oaiW by a^Uon of an acery, gro^. 
TuUngU^ fer addition ^ "y^P'-*'' .o.ery — an acy. 

- --"S^^U-an.a.to.oa^ona-."'^'''^-'^^^^^^^^ - - 

rl(og ch..ro.taon,ooriodo). A«iva»d are also .u«. acy.a.n,g 
,„ L,>csof.ui*=c,«n,a,en..Mc.p,ovidoa.^^^^^^^ 

:^:deacy..ldcsha.i..a.ica«^.r«.K»a»n.s.hasb^^ 
■ l,vlbaL.b«ar,oylhaHd.«Wde,oc«no,.hahd..n^oylha.,d=. 

dccanoylhalide.undecanoylbalido.^uiconii^^'^'^f- 

An"allcyla.ingagen.",asd«.»nnis=.,.loy=dhcr«n,moansar=ac». 

15 ^. «be„rr«dw,U,arno«.»oracopo.,n,«char.o»ri«dbya,.p«.- 
"ionandMvinganuoi»pM>icsi«capab,cofre»tio„wi.h,hoW 

ITles a hyd^pHobic subsdtuen,. as d«cribcd heroin. ,0 bo oovalen.,, bound 
r r:oLe:o„.= fa..bind.gpo>y»or,fbre«»p.o d..^.^^^ 

.„„„orhydroxy,oxygensoran^.e-— orbyd^.,^--^ 
ivn,er resoectively. Further, when multtple substituents are 

rbilingpo,y,ner,for.»»pie.*.s3n,eand.ordiffer=n.3n^on.»gensof. 
l!:e.co^ning..-bindi.gpo.,n«rorhydroxy,oxygenofahyd.oxyi-conu.n^ 

„ ''°''^Sui«b,.-.^.a.h^ag««sarocon.po.dscon,prisir,gana,..^uporaM 

T!rMo(egohlo,o.br™»oriodo,.«yU.o.m«yla.oorepoxygroup). 

r^:::fsui*a».U.ngagen.whiohprovidoahydropho^^^^^^^^^ 
i„c>udeaMhalid=shavingar>oas,fo™carbona«.n,s.soohasn.h.xy.^^^^^^^^ 
30 hep.y.l-ide,n.oc,y.halid.n.,»ny.«d..-docylh^de,n.und=oylhal,de,^^^ 
dllhaUde n..e».ecylhalide,n.o»deoylhaUde,a™ioombn»«^^of 
TJC^Cu.. adihaioa«-ed..o.ndesana«..grouporaUeas.rour 
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c.*o„s(..g,aUM*3lodcc.ne);ahyd«.xy*.taUdehavi„ga.l.as.f.» 

^ a»m. (.g., aa I l-halcl-undecanol); a„ arallcyl haHde (eg. ab=„zyl 
halidOianalkylepoxy— i.n,sal.havmga.leas.sixcarb<„«<..8.. 
g,yci«— UH^oniu. an. epox^Unudcs hav»« a. ,«3. 
5 =arbona(e.g..N.C2,3-cpoxyp«pyl)buVramideorN.(2,3-=poxypropy« 

™id.).Pre.^halogeoco„pon=„.o(*eaBcy,ha,id.are^caod 
cWorinc. Pa«ic„Urlyp«f««da«=yWngagc„.swhich,wb=nrcac..dw,fl,th. 
- --^-,^„-„.isp^,„.,wiHc».se*nnad».ofan.amm^^^^ 

to, includes a firs. suWtuent l*r<»nod«ane and .-chlc,roocm.=. 

Exa-^ples of suiable alkylafag aga«s wbich can provide a ,u«emaiy 
anine-conlaining moiety have the general formula: 



10 



X-(CHJ.-N-K 

15 



2 



(D 



wherein, . *i v « 

R' andR'representanalkyl group, Wherein eachRindependentlyisa 

' ' nonnalorbranched,substitutedorunsubstitutedaIkylgroup 
having a carbon atom chain length of between about one to 
about twenty four carbon atoms, 
n is an integer having a value of two or more. 
X is a leaving group as earlier described, and 
Y is a negatively charged counterion. 

25 When at leas, one of .he three tenninal substituents of .he quaternary amme 

^Utingage..isahydrophobicaU.,lg.ouphaving6otnfour.oabou,twe.ty-tour 

!L, the alkylating agent *ere«« provides bod, a hydrophobic mo,e.y a»l a 
,ua.emary amine— gmoiery. The alkylene group in dns ins«nce .s thr« or 

more carbon atoms in loigth. 
30 Particular examples of quaternary ammonium compounds suiUble as 

alkylating agents include the following: 
(4-bromobutyl)dioctyhnethylammonium bromide; 
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(3-bromopropyl)dodecyldimethylanunomumbroim^^^ 
(3-chloropropyl)dodecyldimethylannnonium brotmde; 
(3<hloropropyl)decyldimethylarmnommbronude; 
(S-tosylpentyDdodecyldimethylammonium bronude; 
(e-bromohexyDdimethyldecylammotiium bromide; 
(U-bromododecyOdecyldimethylainmomumbroimde; 

(3-bromopropyl)tridecylannnonium bromide; 

-- (5-bromopropyl)docosyMmeMF^o^^^^ 

(6.bromohexyl)docosyldimethylarmaoniumbn«mde; 

) (4-chlorobutyl)dodecyldimethylammonium bromide; 

(3-chloropropyl)octadecyldimethylanunoniumbrormde; 

(S-bromopropyOoctyldimethylammonium bromide; 

(4.iodobutyl)dioctylmethylainmomum bromide; 

(2 3-epoxy propyDdecyldimethylammoniumbromide; and 
.5 (6-bromohexyl)docosyldimethyammoruumb«>mide.^^^^^^^^^^^^^^^^^ 
Other suitable alkylating agents include secondary 

.(S-bromobutyOdioctylmethylammoniumb.^^^ 

(4-halobuiyum haiohcptyl)trimethylammomum salt, 

c„«=«sofbolhof«to J ^,,,,1^^ combination with a 
onbodimtnt, the Stt-bindmg polymei can ne aom 
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lipase inhibitor which is convalently bound to a polymer as described m U.S.S.N. 
09/005.379 filed onJanuary9, 1998. andU.S.S.N.09/l66,510filedon Octobers, 

1998 the entire contents of which are incorporated herein by reference. 
As used herein, the terms "therapeutically effective amount" and 
5 "therapeutic amount" are synonymous. The terms refer to an amount which is 
sufficient to treat obesity.reduce the absorption offat, facilitate the removal offat 

prior to digestion or treat hypertriglyceridemia. ^ dosage of fat-binding polymer 

- - -admTm-steredtMSe-patiehtv.iir - 
thepatient and the generalhealthofthepatient. The dosage canbe determined with 

0 regard to estabUshedmedical practice. The amount of fat-binding polymer 

administered can be in the range of from about 

001 mg/kgofbody weight/day to about Ig/kgofbody weight/day. The amount of 

lipase inhibitor which can be administered in combination with the fat-bmdmg 
polymers of the invention canbe determined with regard to accepted medical 

15 practice. 

M disclosed above, in a preferred embodiB«.l, the &t-bindmg polymer .s 
.towered in combination with a lipase inhibitor, as described her«n. The term 
"in combimdon- in tte context includes both simnltan«>as or sequeWtal 
atoini^rado. («ther type of compound tot) of the fat-binding polym«- and bpase 
20 inhibitor, Tlte fit-binding polymer and lipase inhibitor, when used in combmatton, 
can be employed together in the same dosage form or in separate dosage forms 
tak^t at the same dm. or within a time period, wherein both tite fat-binding polymer 
■ and lipase inhibitor are present in a therapeuticaUy effective amount. 

The ftt-binding polymets of the inv«ltion can be formulated usmg 
,5 conventioral in«. phannace>«ical »ijuvant materials into dosage fonts which are 
suitable fororaladministnaion. The oral dosage fcnns include tablets, capsules, 
suspension, solutions, and the Uke. The identity of flte inert adjuvant matenaU 
wbich are used in fomtulating tire fat-binding polymers of titc invention wtU be 
inunediately apparent to persons skilled in tiie art These adjuvant materials, etttte, 
30 inorganic or organic in namre, inctade, for oKample. gelatin, albmnin. lactiiS. 

starch, magnesium stearate. preservatives (stabilizers), melting agents, emulstfiong 
agents, salts, and buffers. 
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does not n«MMrily softer from hyperoholesteroKnma. 

EXEMPLIFICATIONS 

EXAMPLE 1: SYNTHESIS OF DIALLYLAMINE-HCI (DAA-HCl) 

, SOLUTION 

DiallytoinepAA) (2000.3 B)w^ added slowly ov«.p«iodof 2aays,o 

belo».OXbycoolmg*.fl3*in.nic=-sal,-wa.erbaU>.andbyadjus»ngte 
^Uoara«, Th=™m«n,pera»=pHof*e«su,tingDAA.HClsoI««oa 
10 (68.16% DAA-HCI) was O.0O5. 

EXAMPLE 2- POLYMERIZATION OF DL^LLYLAMINE-HCl 

To a IMi.«, 4.«cl«d. round-bottoo^d Hask «,uipp=d wifl> aa overhead 
,^a.^a„aircondenserwas^edDAA.Ha(3667.S,„fa6U^^^^^^^^ 
anddelo„iz=dwa«r(4665.5g). Ther.s.ltingsoWonh.4apHof0.741. T 
„ flaslcwasadd«iNaOH(66.8gofa50%»,u«..ssotaao„). -""-u-^^- 
W apH ot2.554. Ni^ge,^ was bubbled .taough *e 
steel needle, with sUrring. and vendng on .op of dre air condenser for 2 ^urs. The 
ni^gen line waspu.on.opof*e air eondenserwi*posi.ivepr^60. 
n^eraloilbnbbler. T04e flask was added .25.0gofiresh.y,nade20/.V-50 

.„ (Walto»USA,,nc.,Richn,on4VA,indeio.i»dwa«.T,nswasa^ 
.. liasyringeduoughaseprum. The V-50 solndon was no. degassed wrfh m.«.g«. 
Thesolutionwashea.=d»60-Coveraperiodoflhou,and8minu«s,w,«,. 
,eaHngn«naec»™ec«d.oa^Ken. .en^mre conquer. Theso,«.onw. 

heated a. aO'C for 18 hours. After *e Srst 18 hour heahng period, the re^on 
,5 solution was allowed to c«l down slowly to 49-C, and » the flask was added 
' n50goffreshl„nade20%V.50indeionizedwa.er. Thesolut,onwashea«d» 
60-Coveraperiod of abou.I5«unu»s.wi.haheatingn,an.le connected toaJ^ 

Ketn eon^U- « ' '°^\ ^ 

*eseco„d,8hourhea«ngp«iod..here.c«onso.utionwasallowed.oc^^^^^^ 

30 slowly to40-C.and»d,e,Uslcwasadd«i ,25.0gof fiesMyn,ade20%V-50. 
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deionized water. The solution was heated to 60»C over a period of about 15 
nunutes, with a heating mantle connected to a J-Kem temperature controller. ^ 
solutionwasheatedat60°Cforl8hours. After cooling to room temperature, the 
solution was a dark orange vi«.ous, flowable. clear solution. The flask contents 
5 werecombinedwithdeionizedwater(4166.7g). Tl.e resulting solution had a pH of 
4.4. SEC analysis: Mw 61494 Daltons; Polydispersity 2.43. 

- - EXAMPLE-3: eRGSSLD4KINaOF A SOLUBLE POLYMERTO 

OBTAIN A INSOLUBLE GEL; PREPABATION OF 
3 MOL% CROSSLINKED POLY(ALLYLAMINE)HCL 

10 Poly(allylamine) Hydrochloride (200 g of 50% aqueous solution, 1.07 mol 

n>onomerequivalents)was dissolved inamixtureofethanol(213mL)and water 

(1 25 mL) in a 1-liter, round-bottomed flask equipped with an overhead mechamcal 
stirrer T^e pH of the solution was brought to 10.0 - 10.2 by the addition of NaOH 
(50% solution). Epichlorohydrin (2.97 g. 32.07 mmol) was then added to the 
15 rapidly stirred solution in one portion. Tins mixture was stirred at room temperature 
(19-22°C) until a gel formed (approx. 30 min). then stirring was suspended and the 
mixture was allowed to sit at room temperature for 20 hours. After the 20 hour 
reaction time had elapsed, the gel was transferred into a 5-liter bucket with 3 hters 
of deionized water. Th. mixture was then stirred with an overhead mechamcal 
20 stirreruntilthegelwasweUdispersedinsolution. The pH was then adjusted to < 1 
usmg concentrated HQ. The mixture was then vacuum filtered through Whatman 
541 filter paper. The filtered polymer gel was then collected and purified by 
suspensior. into 4 liters of deionized water followed by vacuum filtration through 
Whatman 541 filterpaper. The procedure of suspension into deionized water 
.5 followed by vacuum filtration was repeated several times until the conductivity of 
the suspended polymer gel was < 0.5 mS/cm. After the final vacuum filtration, the 
polymer gel was transferred into several Pyrex drying trays and placed mto a 
convection oven at 70»C to dry (24 - 48 hours). The dried solid was ground to a 
fine powder using a lab mill with stainless steel blades, and was passed through a 
30 sieve (50 mesh) to remove large granules. The ground product was then placed m a 
vacuum oven at 60^0 and 28mm Hg for at least 16 hours. Yield - 83%. 
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Table 1. Epichlorohydrin Crosslinking Reactions Using a Procedure Similar to 

Example 3 



10 



Examole 
4 


Polvamine — — 

Poly(allylamine) HCl , 


mol 70 AiinK 
0 


5 


Ti.^l.F/'rini/lomtTi^l rill 


9 


6 


Poly(allylainine) HCl 10 mol% C 12H 25 
fpreoared-according-to Exampje 82) 


3 


7 


Polvethylenimine 


3 


8 


Polyethylenimine 


6 


9 


Poly(diallylamine) HCl 


3 


10 


PolY(diallylamine) HCl 


4.5 


11 


Poly(diallylamine) HCl 


6 


12 


Polv(diallyhnethylamine) HCl 


4.5 


13 


Poly(vinylamine) 


4.5 



15 



20 



25 



EXAMPLE 14: LOW LEVEL CROSSLINKING OF A SOLUBLE 

POLYMER TO OBTAIN A fflGH MOLECULAR WEIGHT 
SOLUBLE POLYMER; PREPARATION OF 0.75 MOL% 
CROSSLINKED SOLUBLE POLY(ALLYLAMINE)HCL 
Poly(aUylamine) Hydrochloride (200 g of 50% aqueous solution, 1 .07 mol 
monomer equivalents) was dissolved a mixture of ethanol (213 mL) and water 
(125 mL) in a l-liter, romid-bottomed flask equipped with an overhead mechamcal 
stirrer. The pH of the solution was brought to 10.0 - 10.2 by the addition of NaOH 
(50% solution). Epichlorohydrin (743 mg, 8.03 mmol) was then added to the 
rapidly stirred solution in one portion at room temperature (19-22-C). Tins mixture 
was stirred at room temperature (19-22'C) for 20 hours. After the 20 hour reacUon 
time had elapsed, the pH was adjusted to 11 .5 - 12.0 by the addition of a 50% 
NaOH solution. The reaction mixture was then poured into a 5-liter beaker 
containing 2 liters of methanol stirred with an overhead mechanical stirrer. A fine 
precipitate was observed as this mixture was stirred for 30 minutes. The mixture 
was vacuum filtered through Whatman 541 filter paper, and the clear filtrate was 
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.idifirf„ifl,c.^™^Ha(pH<.)P»d»ciBga*iol'P<>')™«P^'>'''^«""' 
acloudy solution Tl..*udym«h^lsolud«.»..d«»»da«aylh,mtt«a»dc 

solidproduct Theprecip.m.wasdi«olv«iiB.mtaimumamo»«..fw«" 

( J. 300„i)andacidi6cdwi*«nc«»»dHCmapHof<2. Thea^u^us 

5 po,ym=rsol»tio,-wastopour.d«itov«taadm«hanWsteu,gmK.a3-U«r 

beaker eo„,^g a. to. 5 votaes (approx. 1.5 H»«) of me«>anol (Uopropa.^. 
canbeusedi„placeofmeU,a»olm*iss,.p).Thepolymericproduc.preap«a.ed 

_ _ ...s.awW.e-S«ia_M=rs.to| ^ 15 mto->^P'«f ""^-"^."-"^^^ . _ _ 

solution by decanUrion and suspended in 2 li«rs of isop,opyl alcohol. The soM 
10 „asbn.taupusingameUlspamla.ndmemixu...wassta.dfor2hou«. The 

isopropyl alcohol «as tt.en «moved by decanting and ti.e product was agam 
susp=nd«im2tt«soffttshisopropylalcohol. Alter 2 hours of stimng,te 
solvent was decanted away and tire solid product was placed inaconvection oven at 

70-C to dr, (24 - 48 hours). The dried solid was ground to a fine powder usurg a 
,5 ,abmillwi.h,uinlessste.lblades,«.dwaspass»i.taoughasieve(50mesh).o 
ren„velargegra».les. The ground product was then placed in a vacuum oven a. 
60''Cand28niniHgforalleastl6hours. Yield-88%. 

EXAMPLE 15: PREPARATION OF 0.75 MOL% CROSSUNKED 
P0LY(DIALLYLAM1NE)HC1. 

,0 PoWdiailylan-toO Hyirochloride (3250 g of 20% aqueous solution. 

486mol«ononrere,uivale„.s)wasplaccdm.20-Utexbucl«.e,«ippedwithan 

■ overhead mechanical stirrer. The pHotthe solution was brought to 10.6 by the 
addition of NaOH (50% solution). Epichlorohydrin (2.86 mL. 0.037 mol) «^ 
added to the rapidly stirred solution in one portion a, ™m te».pen«ure (19-22 C). 
25 Thismixo.rewass,ir«da.room.en,perati^(19-22"C)for20hours. Av^cous 

solution resulted. Metimrol (10 titers) was added, and te pH was adjusted to 
>1 1 5 using a 50% NaOH solution. This solution was then filtered to remove 
i^lublec™ssUnlcedpol,mer.Theclear filtrate was acidified witi.concen»«.d 

HatoapHof<2,andthepolymerp,odu«wasprecipi.a.edwiti.theaddmonof. 
30 largevolumeofetiranol. The soUd w. collected by decantation and w.1^^.^^ 
isopropanol. The soUd product waatiren placed in a convection oven at 70 Co dry 
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(24 - 48 hours). The dried solid was ground to a fine powder using a lab mill with 
stainless steel blades, and was passed through a sieve (50 mesh) to remove large 
granules. The ground product was then placed in a vacuum oven at 60°C and 
28 mmHg for at least 16 hours. Yield = 355 g 

5 EXAMPLE 16: ALKYLATION OF AN INSOLUBLE GEL 

PREPARATION OF 10 MOL% DODECYL 

SUBSTITUTEp^3 M^^^^^ 

POLY(ALLYLAMINE)HCL 
Epichlorohydrin (3 mol%) crosslinked poly(allylamine)HCl (100 g of dry 

1 0 soUd, 1 .05 mol monomer equivalents) was suspended in methanol (1250 mL) in a 3- 
liter, round-bottomed flask equipped with an overhead mechanical stirrer, a 
condenser, and a thennocouple probe. Deionized water (750 mL) was slowly added 
to the suspension with good stirring, and the mixture was stirred until a uniform 
suspension resulted (approx. 3 hours). The mixture was then heated to TO^'C, and 

15 the pH of the solution was brought to 10.0 - 10.2 by the addition of NaOH (50% 
solution). 1-Bromododecane (26.17 g, 0.105 mol) was then added to the stirred 
solution in one portion. This mixture was stirred at 70°C for 20 hours. The 
solution pH was checked periodically during this time, and was maintained at 10.0 - 
10.2 by the addition of small quantities of 50% NaOH. After the 20 hour reaction 

20 time had elapsed, the mixture was cooled to room temperature and the pH was 

adjusted to < 1 using concentrated HCl. The reaction mixture was then poured into 
a 5-liter beaker containing 3 liters of methanol stirred with an overhead mechanical 
stirrer. The mixture was stirred until a unifomi suspension resulted. The mixture 
was then vacuum filtered through Whatman 541 filter paper. The filtered polymer 

25 gel was collected and suspended in 3 liters of fi-esh methanol. The methanol 

suspension was acidified to a pH of < 1 with concentrated HCl. The mixture was 
then vacuum filtered through Whatman 541 filter paper. The filtered polymer gel 
was collected and suspended in 4-liters of 2M aqueous NaCl. The aqueous 
suspension was acidified to a pH of < 1 with concentrated HCl. The mixture was 

30 then vacuum filtered through Whatman 541 filter paper. The filtered polymer gel 
was then collected and purified by suspension into 4 liters of deionized water 
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follow.. by v,.™n,ffl««ion*oughWha™3n541 ffl.crp3p«. Tl>.p«c«taeo 

,™.s undl ,he conducdvity of *e susp«^ po1>mer gel ws < 0.5 mS/cm. After 
fl,e final vacuum fitaiou, .he poly,n« gel «as ttanrferrei ««o scv«^ Pyrcx 
d:yi„g.ays^dpUcedta.oaco„vcc«c„ova,a.70-C«.d,y(24 - 48ho„.^Th. 

redlMwasground.oafiu=powd.u.ngalabmm«i*s«i..ess««lb,.d«^ 

an, was passed tt^ugh a sieve (50 mesh) » remove Urge granules. The ^ 
-pr„d»«-was*e„piaced»_a — ovena,60Xand2_8mn^^ 

hours. Yield = 82%. 
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Table 2. Alkylation Reactions of XUnked Polyamines Using the Procedure in 

Example 16 



10 



15 



20 



25 



30 



35 



17 



18 



Poly(i 



22 



23 
24 



nlvrallYlamine' tHCl Xlink 3 mo\% 



ftl YfallYlamine)Ha 



all ylaminelHCl 
allYlamine)HCl 
all Ylamine)HCl 



Xlmk3mol% 
Xlink 3 mol% 



[l-Brotnohexane 
ll-Bromohexane 



Xlink 3 mol% 
Xlink3mol%" 



h-Bromohexane 
j l-Bromohexane 
ll-riromooctane 



Pnl vr.11vlamme)HC l Xlink 3 mol% 1-Bromooctane 

< ' ^ ; , , -I 10/ 1 1 _l»rr>mnnr.taTie 



PolY(allylamine)HCl 
Pnl Y(allYlamine)HCl 



Xlink 3 mol% 
Xlink 3 mol% 



1-Bromooctane 
1-Bromooctane 



Pnl Y(allYlanunefflCl Xlifiin mol% 
PolvrallvlaminP ^Hn Xlink 3 mol'/o 
Polv(anvlamin <^)HCl Xlink 3 mol% 



rbBromododecane 

l-Bromododecane 
1 1 -Bromododecane 



31 



35 
36 



37 



■■.n yi,.r,m,>fflr:i Xlink 3 mol% 
:allvlamin«-ffln Xlink 3 mol% 
PolYfallylam'^pfflCl Xlink 3 mol% 



38 
■39" 
"40" 

"42 



allvlaminefflr:] Xlink 3 mol% 
rallvlamine'iWCl Xlink 3 mol% 
.^^,,/,iiyiar,im,.WCl Xlink 3 mol% 



I l-Bromooctadecane 
1-Bromooctadecane 

I I -Rrnmooctadecane 



-oUyi^minefflCl Xlink 3 mol%. 

allvlaminefflCl Xlink 3 mol% 

>Ql v(allYlamine) Ha Xlink 3 inol% 



l-Bromo-2-cthYlhexane 
1 .ttrnTno-2-ethvlhexane 



I l-Broino-2-ethvlhexane 



Poly(allylamine)HCl Xlink 3 Tnol% 
Poly(allylainine)HCl Xlink 3 mol% 
Poly(allylamine)HCl Xlink 3 mol% 
Poly(allylaminc)HCl Xlink 3 mol% 
PolyfalWlam itipfflCl Xlink 3 mol% 



"43 |pQly(allylamine^HCl Xlink 3 ingl% 
iPnlvr^ll ylamineWCl Xlink 3 mol% 



tromomethYl)cYclohexane 
'Rromometbyl)cYclohexane 
imromomethyncYclohexane 
(3-Biomopropyl)trimethyl- 
ammoniuin Bromide 
(3-Broinopropyl)trimethyl- 

ammonitim Bromide 

(3-Bromopropyl)trimethyl- 
ammonium Bromide 
(6-Bromohexyl)trimethyl- 
ammonium Chloride 
.3-Propane Sultone 



44 



46 



48 



49 
"50" 



Pol Y(allvlamin« -)HCl Xlink 3 mol% 



1.3-Propane Sultone 
1.3-Propane Sultone 



1-Bromoacetic Acid 



Pnl yfallvlamine fflCI Xlink 3 mol% 
Polyrallvlamir'-^H'^' Xlink 3 mol% 



?oly(allylamine)HCl Xlink 3 mol% 



Poly(allylamme)HCl Xlink 3 mol% 
Poly(allylamine)HCl Xlink 3 mol% 
Poly(allylamine)HCl Xlink 3 mol% 



l-Bromoacetic Acid_ 
1-Bromoacetic Acid 



_5_ 

10 



25_ 

50 
5 



10 



25 

50 



50 



2-Bromoethanesulfonic Acid 
Na salt 



2-Bromoethanesulfonic Acid 

Na salt 

2-Bronioethanesulfonic Acid 

Na salt 

2-Bromododecane 
(6-Bromohexyl) 
trintiethylammonium 

Chloride 



10 



25 



10 

25 



10 
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52 
53 



54 



iPQlyfallvlaminemCl Xlink 6 mol%_ 
Poly(allylainine)HCl Xlink 6 moiyo 



Poly(allylamine)HCl Xlink 3 mor/o 



?,^Bromododecane 
2-Bromododecane 
(6-Bromohcxyl) 
triTnethylammonium 

Chloride 
(4-cUorobutyl) 
dodecyldimethylanmionium 

Bromide 



"55 Poly(allylamine)HCl Xlink 3 moiyo 



59 



(4-chlorobutyl) 
dodecyldimethylanunoniuni 

Bromide 



-c^ Ip^N.^.t wi.nimine') Xlink 3 mol% ll-Bromohexane. 

^ --L-JV... ^..^^:,,vv,;„v^ n,n1%^ - -I l-Bromohcxane 



^ - -L;;.,;;. 4l^itni«eVXlink-3 mol° /-^ - - l-Bromohexane. 
^« PQlvfethvlen i^ine'> Xlink 3 mol% |l-Bromohexane 



L,:}^J^^n.^ Xlink 3 mol% ll.Bromooctane 



60 |p »iyrpthvlenimme)Xlink3jnol%. ll-Bromooctane 

" fil Polv(ethvW i"^i"e^Xlink3tnol% |l-BromooctaDe 



_10_ 
10 
10 



10 



40 



10 



25 



25 



62 
63 



P^ivUvleniminei X '^nV ^ n,ol% l-Bromododeca.»e 



PnivLth vleniminei X i^^v ^ tnol% i-Bromododecane 
' ^ .jmin^Wlink3niol% I-Bromododecane 



"64 iPnl yCethYleninune) ^ 

i> 4..;,llvl.mme>HCl Xlink 4.5 n,ol% l-Bromohexane 



10 



25 



% lp";:::;;:; y«rnm.fflaXlink4.5 rnn1°/Jl-Bromohexane 
• f,R PoMdiallylamineMg Xlink^-) mol%|l-Bromooctane , 



-p,l'}.;„„,.io^i.pffln Xlink 4.5 mol% 1-aromonexane. 
' . A c 10/. 1 .Rmmnlieicane 



25 



50 



20 



25 



69 



k:^:^ :^^ Xlink4 S n.ol%ll-Bromooctane 

knf;7;i ^i.n,me^HQXli^ ^ mnl% l-Bromooctane 
kn^ZiT Xl.TT,ine>HCl Xlink ^ ^ mnl% I-Bromododecane 
k:v:? ^l^mme'>HCl Xlink ^ ^ m»l%|l-Bromododecane 

iPoi;(diallylamine)Ha Xlink4.5 -i%k~^^^ 

Bromide ^ 

IBromide 
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EXAMPLE 77: ACETYLATION OF A CROSSLINKED POLYMER GEL 
PREPARATION OF 25 MOL% ACETYLATED- 
POLY(ALLYLAMINE)HCL 
Epichlorohydrin (3 mol%) crosslinked poly(allylamine)HCl (57.4 g of dry 
30 solid, 0.602molmonomerequivalents)wassuspendedinmethanol(l liter)ma2- 
Uter. round- bottomed flask equipped with an overhead mechanical stirrer, a 
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s.p».io„resul,»d(approx.3ho«). T,.ma»«wasU,»coo,^» .5 Cw^ 
a„Lba*,a„d*epHof«»».u.«nwasbr»*»«by*e.ad,«»notNaOH 

s„,uUo„ in on. porfon. ms mix«« was sdn«i 15'C for 30 The 
„,uUonpHwa.«amUmeda.9.5d^g*isdmeby«»add,.onofsmaM 

^U«ot50%NaOH. After ae30_minu«si.wasob«rv.dftat*.pH.f*e_ 

" lixmre was stable. The'^eVl^merp-^^aito 

10 in.o41Ue,sofde.o„izedwaurfoUoweabyvacuumm«fio„toughWha«nan541 

Ipaper. Tbe procedure of foUowedb^v^ 
m««,onwasr.p.a«dse.era,™esw.md.econduc«vir,ofU»suspendedpo^er 

was < 1 nrS/cn. The polymer ^el was *en suspended to deiornzed waer P 
U«rs)andd».ni«»rewasacidmedwi*— edHCl»apH0f<2.5_U. 
.5 u.««was«>«.ffl«redand«nste,redta»sev^Py-arymg.rays.The.,^ys 
Lplaeedir...— p,ven«70«Ctod.y<2.-48hours). Thednedsobd 
„^ ground toafine powder usingalab mill wiftsBWesssUel blades, and was 

p,^u™ughasi.ve(50«esb)»r»ove large granules. Tl.e pound product 

ot /;n°r and 28 nraiHg for at least 16 hours, 
was then placed in a vacuum oven at 60 C and mmng 

Yield = 49.9 g 
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Table 3. Acetylation reactions according to the procedure of 

Example 77 
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EXAMPLES: ALKYLATION OF A SOLUBLE POLVMER 
PREPARATION OF 10 MOL% DODBCYL- 
P0LY(ALLYLAMM)HCL 

„ dissolved a mixture of etool (213 »i) and «3«r 

5 mononer e<,«.vale»B) » „^a-bo«omed flask e,uipp«i «i* 

(125 mL), and was heated to 70 C in a l nter, ru , ^ xk, „H of 

^ 7(i»r for 20 tours. The sohuon pH was 
,0 portion. Thismi«urewassBredanOCf<.r20to 

checked pedodically during this tin», a»l was m^ntatned a, 10.0 - 10.2 by 
1- n fsn«n,uan.id«of5(./.NaOa A».r the 20 honr reaction hnte had 
Csed then«ur.w.scoo.ed,oroon>te.np-3««-d,hcpHwasad,nstedt„ 
r;roby.headdi.^nofamNaOHsoW.n.The,e.caon.n«turewas,h«, 

„ iLLa.Uterheakercont3in..2htersofn,e.hano.a.^wl.— 
Lhanicals^rrer. A 5ne precipitate was observed a. «.s.n.«ure ™ 

■ , Tb.mixIurewasvacaumfilteredttaou«hWhalman541filterpaper, 
30 nnnutes. The mature was ^tog a thick 

and the clear filtrate was acidified with concentrated HO (pH <1) pnKl 
^ierprecipltateandacloudysolutton. The cloudy n^thanolsohthonw. 
; the crude solid product. The precipitate was d^solved ma 

rpHof<2 Thea,«eouspolymersoludonwasthe„pour«iw,thoveH..ad 
■ I^lcI's«.ri:i..oa3..iterbeakerc«nta^g3tleast5vohnn«^^^^ 
L,of methanol (i^prop^^lcanbeusedinpUceofmethanolmthtas.^).^ 

, 'ieHcproductpre^pitatedasawMtesohd. Aft--™^--— 

" r^itate was separated solution by decantation and ^^^^'^^ 
LptLylalcotoLThesolidwasbrokenupusingam^alspamla-dthemtKmre 

:::L.r2to.n. Theisopropylalcotolwasthenremo^^.^ 
theprodnctwas againsuspendedin2 Uters of fteshtsopropyl alcohol. A^er 2 h 
30 ofsLng .hesolve..w.sdecan.^.«ayandthesoUdp,cductwaspUcedma 
30 ofst,mng,m „^,o-C«. dry (24 - 48 hours). The dried solid was ground to a 
c<>„vec,,onove„.70Cjd^(^ 

fine powder using a lab imu wiui 
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10 



sieve(50mesh)to remove large granules. The groundproduct was thenplaced 
vacuum oveix at 60»C and 28 nunHg for at least 16 hours. Yield = 86%. 

EXAMPLE 83: PREPARATION OF 0.75 MOL% CROSSLINKED, 
10 MOL% HEXYL-POLY(ALLYLAMINE) HCL 
The procedure ofExample 82 was used. The 50o/o aqueous solution of 
poly(allylamine)HCl was replaced with an equivalent amount of a 50% aqueous 
- solutionofthe-polymerproducXpfE^^^^^^^ 
1-bromohexane (17.66 g, 0.107 mol) was used. 

EXAMPLE 84: PREPARATION OF 0.75 MOL% CROSSLINKED, 
10 MOL% DODECYL-POLY(ALLYLAMINE) HCL 

The procedure ofExample 82 was used. The 50% aqueous solution of 
poly(allylamine)HClwasreplaced with aneqmvalent amount ofa50%^^^^^ 

solution of the polymer product ofExample 14. 

EXAMPLE 85- PREPARATION OF 0.75 MOL% CROSSLINKED, 

2 MOL% OCrADECYL-POLY(ALLYLAMINE) HCL 

The procedure ofExample 82 was used. The 50% aqueous solution of 
poly(allylamine)HCl was replaced with an equivalent amountofa50% aqueous 

solution ofthe polymer productofExamplel4.Inplaceofthel-bromododecane, 
l-bromooctadecane (7.13 g. 0.021 mol) was used. 

20 EXAMPLE 86: PREPARATION OF 0.75 MOL% CROSSLINKED. 

25 MOL% DODECYL-POLY(ALLYLAMINE)HCL 
The procedure ofExample 82 was used. ^ amount of dodecyl bromide 
used was 67.3 g, 0.27 mol. Hie 50% aqueous solution of poly(allylamine)HCl was 
replaced with an equivalent amount of a 50% aqueous solution of the polymer 
25 product ofExample 14. 



15 
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gXAMPLE87: PREPARATION OF 25 MOL% HEX«.. 

POLY(ALLYLAMINE)HCL 0.75 MOL% 
EPICHLOROHYDRIN CROSSLINKED 
PoMallyl^^OHyarochlo* 0.75% epkhlorohydrin c^sslMccd fem 

7c in a l-Uter. ro^bo«on,.d flast «,«ipp=d ^ - overhead —a, 
--- ^Tac.naens.;«a-«..-P~---T>.=-PH«f*-"'« 

1,0- 10.2by *e addiUoB of N.OH (50% aota«. 1-B^mohexane (44.2 g, 

.^:a70Xfor20,»u..T.eso.uao«pH»aac,«c..dpeHoaiea.,ya^^^^^^^ 
I..awasn«in.ain«i.l0.0-.0.by*eadai.onofa„»U^.esof50/. 

N.OH. Ai.erU,.20hour«acdoa«meh.deUps=4U«mix»c»ascoole^» 

J J 1 1 n 0 bv the addition of a 50% 
temperam^ and fte pH was ad,«a«i » H-S - W-" * 
,5 NaOHsolu«on.The,ea«ionn,i«ur.waata.ponredm«..5-tob«k« 

rl^.2U«.of.e.^o>s.^wi.Kanove*»d.e— s^^M^ 

L „p,«ipi.a.= was,on„=d. T*.».a.anolso.*ion«as.vapnra«d.odn™c. 

;:raLJ»Ud. T.....dwasdUsoWed.SOO.^of».«^ a^ 
Je«asadded»pr«ipiu.e.^epolyn,..Aft«co«=c«on .y— 

,0 p.>yn,eHcsoUdwas.a.^wi-ad«on.U«„of.e».ea^«.^^^^^ 
ffltrado. Tt-esoUdproduCwasplacedmaconvecaonovcna. 0 C„d^(24 

48ho«).Th.dri.daoBdw.sgm«=d,oaimepowde,u.mgaUbnullw.* 

s.ai.Js.e...Ud...«aspa^-u,.a.eve(50.es.).or™»v^^^ 

g^ute. U=!pou»dprodu«w.s*e.pUcediBavacunn,ov«,a,60 Cand28 

25 mnHg for at least 16 hours. Tield - 89.3 g 

EXAMPLE 88: PREPARATION OF 50 MOL% HEXYL- 
P0LY(AI.LYLAMINE)HCL 0.75 MOL% 
EPICHLOROHYDRIN CROSSLINKED 
PoMallylamme) Hyd-ocblond. 0.75% epichlorohydrm crosslinked ftom 
30 Example ,4(200gof50%a,u.oussolutio.. ,,a7,™ln»»om.re,uival»ts)v^ 
" I::L„aJ.«.ofe*ahoU213„.)ahd«a«r(125n.).and«ash=a«dto 
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NaOH. After tne noui . The white soUd was 

wasseen. Hexanc (3 !.««) ™ «l ^^^^Mii^mll.i 

sieve (50 mesh) .0 remove large gm.ul«. Tbeg««iP 
,aeu™ovena<60-C3..d28nurflgfora.leas,.6bo«.. 

PREPARATION OF 5 MOL%DODECYL- 
20 EXAMPLES,. ^^^^^^^^^^cL 0.75 MOL«^ 

EPICHLOROHYDRIN CROSSLINKED 
«,»ine)HydrocMoride0.75%cpicH,oro.ytocrossU*^^ 

« r 4 g of 50-/. aqueous solution, 1.07 mol monomer equrvalenu) «s 
Example 14 (20Ug 01 no'; mT ^ and was heated to 

* inn in 7 bv the addition of NaOlipvJ/osumuu ; 

to lO.O - lU.z oy , ^^rtinn This mixture was 

O.OMmo,)was*en.dd..^— ---^^^^^ 

30 -"™--°7^:n":^lo,l.,uantitie.o»0. 
time, and was maintained at 10.0 lu./ oy m 
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• 1,0,1 Piatised. the mixture was cooled to 

Hri foH <1) producing a ttucK poiymw h 

ova.at70 Ctoaiy(i 3„d was passed through a sieve (50 

mesh) to remove terge gtamles. The groon p 
j5 „,e„3t60-C.^28™«gfcr«le.s..6ho«». Y.eld-81 g 

.V.MPLE90- PMPARATI0N0F5M0L%0CrADECYI. 
EXAMPLE90. ^^^^^^^^^CL 0.75 MOL% 
EPICHLOROHYDION CROSSUNKED 

dissolved a nuxme of etonol "°* " ' „«hanical 

. 70=Ch,a^U.e.,..d.ho„o.«iflas..«J,=--^-^^ 

* lAA in 7 bv the addition otrsaunv-'^'" . 
to 10.0 - 10.2 by tne This 

^wassn«d«70 Cfor20 ^^^s<„„fsmaU 
d^gtetocandv.asmam.affl^la.10.0 J 

,^.esof50V.NaOaA«»*e20ho.reac«o -ne*^^ 

Le.o.ed»roon..e.^-3ndpou,^..oa«^^J_^^^ 

30 ofmea^nols^nedwiU-anoveH^ad— 

«imeo„««ra.edHa(pH<l)pr=duci.ga*.c.=Pol)™-1"«"> 
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* , .^„w The ground product was then placed ma 

sieve (50 mesh) to remove large granules. The gro P 
,0 vacuum.v».«60'Cand28mmHgfora,leas.l6hours. Y«ld = nig 

BXAMPLE91: PREPARATION OF 10 MOL% OCT ADECVL- 
P0LY{ALLYLAMINE)HCL 0.75 MOL% 
EPICHLOROHYDRJN CROSSLDJKED 
^^p^cedureorBxar^lcSOwasusei Thcamoun.ofoctadeey.brom.de 

15 used was 35.67 g, 0.107 mol. Yield - 124 g 

^LE,2: PREPARAnONOF5MOL./.D0COSYI.- 
POLY(ALLYLAMINE)HCl. 0.75 MOL/. 
EPICHLOROHYDRIN CROSSUNKED 
T1>eproc^ureofExample90was„s«L Tl,e amount. fdocosyl bromide 

20 used was 21.03 g, 0.054 mol. Yield - W g 

EXAMPLE93: PREPARATIONOF lOMOWDOCOSYL- 
POLY(ALLYLAMINE)HCL 0.75 MOL% 
EPICHLOROHYDRIN CROSSUNKED 
Theprocedu^ofExampleSOwasused. The amount of docosyl bromide 

25 usedwas41.68g.0.107mol. Yield- 101 g 

EXAMPLE 94: PREPARATION OF 25 MOL% HEXYL- 
POLYETHYLENIMINE HCL 

Poly^lenimine (200 g of a 50V. a,ueous solution ftom 
Co..232l.monomere,mvalents)w3Sdissolvedami«ureofcd»no.(213mL) 
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1. * J in a 1-liter round-bottomed flask 

and water (125 mL), and was heated to 70 C in a 1 uter, 

pL! ^B,o.oh««„e(95.7.0.Smo.)wa3«.=naa^«.»*.«-^~ 
lUon ™smix»«was».cda.70-Cfor20hours. ThesoluucnpHwas 

Dic*ylete»aa*cnaaded(3a«s)andU..=n^P«du«prec,p.m.«i.Th. 

3o,v=n.wasdecan«.a«aylrom*.P«auc.. The c^de product was .h» 
„disp«.din7S0na.ofd.ioni»dwa»r.ThepH..saaius«d»<2^ 
e„„l«a,=dHaA— (5U,»s)«a.«^added»pr.c*^.hc^^«^ 
,5 Th=soM»asco«=c«db,d^»-d«a*.d™ft2U»sof«op™p«»l Tb. 
lp.duc.«as.e.pla^inac«v«,i«..v»«70X»d^(2-4S^,. 
XheLsoUdwasground,oafi.= P<-d«uslngaUb«i.,wi,h«a„a«s.,^ 

,.ad«,andwaspa.s=dWa-e(50m.*).or=«v.larg.8ran»^-n^= 
^„„dproduc.was«,enpUc=dtaavacu..oveaa.60»Ca„d2.«n«sfcra. 

20 least 1 6 hours. Yield = 1 72 g 

EXAMPLE 95: PREPARATION OF 50 MOL% HEXYL- 
POLYETHYLENIMINE HCL 
P„y.*y.«inun. (200 g of a 50% a,.=ous »,u«on from Aldrich acmica. 
C, 2.32molmonom««,u,.al«»)wasdi«oWcdmamix«roof=<hanol 

CO., ^.^^ " ^ , ^ anop m a l-litcr round-bottomed 

25 (213mL)and»at=r(I25»a.),andwash«t«ito70 Cm.lUta.r 

fla.k=quipped«ithanoverh«uim«ham<^stiir«,a«n»i«B«,anda 
111 Uprobc. ^B^^ohaxa.= (m.5^l..6™.)w.s«.enadded.od,e 
!::.,llonepo„io„. TM.o..»=w.sd™.a.70X,o.20.o».^ U 
,o,u«o„pHw3scheckedp=nodica.lydoringUdstoe.a.dwasn«».a««ia.0.0- 

30 :^rbyLadd*„ot.n^U«a.M.o,50./.NaOH. ^^^'^^^^ 
d»c^.Ups«..d.e»x»«waacoo.«.»r».n.»«P«a^a»apour«i»«oa20 
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. • • e 9 liters of methanol stiired with an overhead mechanical 
liter bucket contaimng 2 bters of metti 

stirrer. The mixture was acidified with concentrated HCl (pH <2). b P 
Diethyletherwasthenadded(3liters)andthecmdeproduct 

Tie ■nix.ur. was vacuum ^„ ^ ^ 

::^.««.c^u.-.«a...— — 

nroductwasthenplacedinaconvectionovenatTO Ctodryl^ 
C:.aa;u.»a^.wa.u..S.>.n^"---- 

productwasthenplacedinavacuumovenat60 CandZSmmng 
hours. Yield = 110 g 

, ^LE96: PREPARATION OF 5 M0L%DODECVL. 

POLYETHYLENIMINE HCX 
, • • onn.ofa50%aqueoussolutionfi:omAldrichChemical 
Polyethylemmme(200goiaDu/o4qi«« 
ro 232molmonome,=quival=nB)wasdissolvedinanu«»r.of«hanol 

, -e,u.pe...a„o.e*«a»^J-.a^^ 

a.«mocouple probe. l-Bromodod=ca«(28.9g.O. ' ^ 
- ataM solution in one porUon. TOsntour.w.asmmia.70 ""^O" 

..onp„was.ec.e.^o..M^S^-^.«^^^ 
102bytheadditionofsmallquantitiesof50/oNaOH. Alter 

• •, ..d Hesolvenlwasdecantedawayftomtheproduot. Thecrude 

30 P-^-"-*""^"*""*™ ^,^3nol(6U,»)w,sO»a.dd.a 
was adjusted to <2 using concentrated HCl. isopiop 
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5 productwasthenplacedinavacuumovenat60Cand28nun«g 
hours. Yield = 146 g 

-EXAMPLE97r - - -pmARABON-OEJD_MOL%DppECYL. 

POLYETHYLENIMINE HCL 
P„,y«hy.enimiBe(200gofa50%a^usso.ution&omAldricb« 

u „.™mi^nrobe l-Bromododecane(57.8g,0.2J-imoi;w« 
thennocouple probe, i orum 

Thi« Tnixture was stared at /u loi 
stirred solution m one portion. This mixrarc . , • ^ ,t 1 0 0 - 

, .«o„pHwa3.«.edp.od.a,.d^^^-=^^^^ 

L^.Up.d...e:.ix».wascoo..d,o«on.»».».-3„*P»--^'«-^° 
rL™xn«™addi8.d«i*co„cm»a«dHCl(pH<2).r«»l»gm*e 

,0 :::.r^.po.,...op.pa.o,wa....dd..u^,a..=^ 

• -t^t^d The solvent was decanted away from the product. The crude 

,«iJ»».hcprodu«.»hich«a.collec.edbyd«an.ado„.Thes«l,dproduc«as 
precipitate me p ^ „ ,o°C to dry (24 - 48 hours). The dned solid 

,5 *=»t''-*'»-°-"7'~"™';„tll^^,«,hUdes,andv« 
^sg^undtoafinepo^derusingaUbmiU.,.^^ 

passed ttaou^ a sieve (50 mesh) to remove large granules. The gro P 
L,he„p.acedin.va»«move„..60.Caad2S»M«g<6ra.leas.l6ho,.r. 



Yield = 119 g 
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EXAMPLE9S: PREPARATION OF 25 MOL% DODECYL- 

POLYETHYLENIMINEHCL 
P„,ea,,,«^.aOOSOfa50..«^so.«ionfto.AianehCh=™ca, 

. . mT -i and was heated to 70 C m a l-mer, rwui. 
5 (213 mL) and water (125 mL), ana w*. 

stirred.solutionJn_onep_omon. Thi^^ -Ha-v.^-niaintamedat.lO.O_--. 

.«cidifiedwithconcentratedHCl(pH<2).resultmgmthe 
The mixture was acidified wiin ^^^^^^ 

p^ipitationoftiiecmdeproduct. Th-^^-^^^^'^^^' "'^^^^ 

/-7«:nmT\ The oH was adjusted to <Z using 

20 sieve(50mcsh)totanovclargegnmul«.Tl«gto P 

vacu»ovea«60'CandZ8«unHgfora.l«3..6hou.. Y>c.d-197g 

PKBPARATI0N0PZ.5M0L%0CIADECVL. 

POLYETHYLENIMINEHCL 
Po,ye*y,=nin^e(:00.of.5<...u»»ss«.*.»o.A,2^^^-«. 

(2,3,nL)a„dwa,«(125mL,.a„dwash««d»70 C-al -"'^ 

ah«d solution ta on« P°"">»- >""™' ^ ,,,0.0- 

10ibytheadditionofmaUqu>mtit.«ot50/.NaOH. A«e 
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U,erbuck«~g33H«rsofm«hanolsd™dv«fl>3nov«he34mechamo3^ 

sto, The .nixmre was «i* c.n«n««d HCl (pH <2). r»»tt»g m 

p.ec,pi,a,ionofth=crud. product. The »lv™.w.sd«...=d.odtocn^prod«^ 
w3.U.en«^s«>lvedi„w«er(U00nd.).Th=pHw=sadius,ed»<2^ 

c„„.e„«.edHCl.lsopropa„o.(6Bte«)wastt.e„add.d»I»«ipi'«''^=P"^^^^ 
which wasconecedbydccanuuon. The »Hdwaswashedwi«>aaofl»r2h»so 

c,e3nisopropano,a„dco.lec.edbydecanuU»n.Tl.esoUdp,oduc.w3S*e„plac«i 

taaconvecaonoven«70X«.d^(24V48h;u.):ThedriedsoUdw.9-^^^^ 
afinepowderusu,galah„>il.wi*s<aWesss«elbUdes,andwa.passedtougha 

sieve(50mesh)»re™ovelarge granules. The gr<>undproduc,w.s«.«.pU«dma 
vacuum oveu « 60-C =ud 28 nuuHg for a. least 16 hours. Yteld = 169 g 

EXAMPLE 100: PREPARATION OF 5 MOI.% OCTADECYL- 
pOLYETHYlfNIMINE HCL 
5 TheptocedureofExample99wasused. Tl.e amount of l-bromooctadecane 

used 38.7 g. 0.1 16 mol. Yield = 198 g 

EXAMPLE 101: PREPARATION OF 2 MOL'/o DOCOSYL- 
POLYETHYLENIMINE HCL 
Polyethylem-uine (200 g of a 50% a,u«.us solution ftom Aldricb Chemical 
,0 Co 2.32molmonomere<,mvalents)wasdissolvedmanuxtureofetonol 
' ■ (2,;mL)a„dwa,er(l25^),andwashea.ed«.70-Ctaal.U.=r,ro«nd-bo«om^ 
flask equipped ^vid, an overhead m«:hanical stirrer, a condenser, and a 
thermocoupleprobe. l.Bmmodocosa..(lS.. g.0.046mol,wastena^«.^ 
sdr^d soluuon U> one porhon. Tlus mixture was stirred a. TOX for 20 hours ^e 
25 soluUonpHwasch.ckedperiodicallyduringthistime,andw^..»m.ameda.lO.O. 
,02by the additionofsmamuanh.iesof50%NaOH. After ,he20ho«rreac»on 

. Ume had elapsed, the mixture was cooled to room temperature and poured mto a 
Uter bucket containing 2.4 Uters of edranol stirred with an overhead mechamcal 
stoer The mixture was acidified with concentrated HCl (pH <2), resultmg m the 

30 precipitadonthecrudeprodua The solvent was decanted, and the crude product 
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10 



15 



/-TnArT.T^ The oH was adjusted to <2 using 
concentrated HCl. Isoprop K ^^^^^ ^ 

„ a — ^ ^^--j^^^ .udes, and was p^ss^ trough a 
a fi„« powder using a lab .^^^placdtaa 
siev. (50 mesh) K. remove large s«nul«. Theg»«»iP 

- _™uum.ve.«.6Q"C andJI -Hg . _ . 

HXAMPLE.02: PRBPARAT.ON OF 5 MOL% DOCOSYL- 

POLYETHYLENIMINE HCL 
TheprocdureofExan^le.O. was used. The amounton-bromodocosane 

used was 45.2 g.0.116mol.Yield=160g 

^tE103: FRBPAKAT.0N0F5M0L%D0DECV^. 

P0LY(D1A1XYLAMINE)HCL 0.75 MOL% 

EPICHLOROHYDRIN CROSSLINKED 
P„Wdia.WHydrcchtonde0.75%epicb)o,ohyd™crossli,*edftom 

. , ,r,60 » 0 45 mol Muomer e<piv.lents) was dispersed m e*anol 
Example 1 5 (60 g, 0.45 m ^ ^ 

(500mL)ma^l«er.rou■*bo«o■hedft^^ W ^^^^^.^^ 
ai,rer,aconde,Ker,andatemocouplepn.be. NaOHwas 
Un),.onSwi*dei»uiz.d«^(200mL)and*e,««*«wash^ 
LpHof*esolu.io„«asbrough.»10.0-10.2hy*.add.«».ofN.OH(50/. 
The pti or ui ^j^^ ^^^^ 

solution). 1-Bromododecane (5.6 g, 0.023 mol) was tnen 

• nortion Thismixturewasstitredat70''Cfor20hours. The 
solution in one portion, inismm .« „,amtained at 10.0 - 

1 Hon nH was checked periodically during this time, and was mamtamed lu 
r:!llo.s:alWuantitiesor50o.NaOH. the 20 hour reason 
lerelapsed^themix^^ascooledtoroomtempera^e.^ 
Iheaker— g3htersordeio..d.aterst^dw...^^^^^ 
mechanical stirrer. Thecnide polymeric productprecipitatedfiomsol^o^^ 
u . t»tion Thecrudeproductwasaddedtoamixtureof300mL 
collected by decantahon. The cruae p concentrated 
30 deionizedwaterand300mLethanol.Tliemixturewasacidifiedwithco 
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. ^ Hfnr at least 2 hours. Isopropanol (3 liters) was then added 
HCl(T)H<l)andstiiTedforatieasiznouis f r 

60'C and 28 nmHg for al tet 16 boms. Y.dd - 27 g 

"EXA*ffI£Wr"pMP^iATIONOF10MOL%DODTECTL^ 

POLY(DIALLYLAMINE)HCL 0.75 MOL% 

EPICHLOROHYDWN CROSSUNKED 
T,ep,oc.d^otExa«p.= 104«as^.The3n>oun.of>-b™.ododccMe 

used was U.2g, 0.045 mol. Yiekl = 46g 

P0LYPIALLYLAMINE)HCL 0.75 MOL/o 
EPICHLOROHYDRIN CROSSLINKED 
TheprocedureofExatnplel04wasuse. The amount of l-brotnododecane 

used was 28.2 g. 0.113 mol.Yield = 52g 

EXAMPLE106: PREPARATION OF 5 MOLo/o I^Xn^-^ 

P0LY(D1ALLYLAMINE)HCL 0.75 MOL/« 

EPICHLOROHYDRIN CROSSLINKED 
TheprocedureofExa™plel04wasused.Theamour.tofl-bron.ohexar.e 

used was 3.72 g. 0.023 rool. 

HXAMPLE107: P^^^™^ ^^^""1^"^^,, 
POLY(DIALLYLAMINE)HCL 0.75 MOL/o 

EPICHLOROHYDRIN CROSSLINKED 
TheprocedureofExamplemwasused. Theamo^tof 1-bromohexane 
used was 7.43 g, 0.045 mol. Yield = 36 g 
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PRFPARATION OF 25 MOL% HEXYL- 
BXAMPLBIOS: ^^^^^hCL 0.75 MOLo/o 

EPICHLOROHYDRIN CROSSLINKED 
^eproce..eofBxa.p..04wasused. amount of 
5 usedwas 18,65 g, 0.113 mol.Yield = 49g 

t:vaMPLE 109- PREPARATION OF 50 MOL% HEXYL- 

J^'!''': . _ .potY(DIALLYLAMIHE)HCL 0.75 MOL% 

EPICHLOROHYDRIN CROSSLINKED 

. .v..mo\c 104 was used. The amount of l-bromohexanc 
The procedure of Example 1 w was ik. 

10 used was 38.0 g. 0.230 mol. Yield- 67 g 

.V .MPLE 1 10- PREPARATION OF 2 MOL% OCTADECYL- 
EXAMPLEUO. ^^^^^^,^„)HCL0.75MOLo/o 

EPICHLOROHYDRIN CROSSLINKED 

re 1 0A was used. The amount of 1- 
The procedure of Example 104 was uscu 

J , 1 n o 0 009 mol. Yield = 23 g 
15 bromooctadecaneusedwas3.0g,O.OOymo 

, , , PREPARATION OF 5 MOL% OCTADECYL- 
EXAMPLEUl: ;^;^^„hCL 0.75 MOL^/o 

EPICHLOROHYDRIN CROSSLINKED 

re o^«1p 1 (U was used. The amount of 1- 
The procedure of Example 104 was 

20- b»«oocudec^.u3edwas7.7g,0.023mol. Yidd-SSg 

.V.MPLEU2- PREPARATIONOF10MOL-/.OCTADECYL- 
pOLY(DIALLYLAMmE)HCL0.75MOL% 
EPICHLOROHYDRIN CROSSLINKED 
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EXAMPLE 113: PREPARATION OF COPOLYMER OF ACRYLAMIDE 
(20 MOLE o/oVTRIMETHYLAMINOETHYL 
ACRYLCHLORIDE Q SALT (TMAEAC) ( 78 MOLE%)/ 
OCTADECYLACRYLATE (2 MOLE %) 
5 To a Miter, three-necked flask equipped with condenser and stir bar, were 

added trimethylanunoethyl acrylchloride quaternary salt (TMAEAC) 50% aqueous 
solution (150.90 g of 50% solution. 390 mmoles, 78 mole%), acrylanude (7.11 g. 
100 mmoles, 20 mole%), octadecylacrylate ( 3.25 g. 10 mmoles, 2 mole%) and 
isopropanol (400 mL). The mixture was purged with nitrogen for 10 min before 
10 the addition of a radical initiator, AIBN ( 330 mg, 2 mmoles). The mixture was 
heated to 70°C for 16 hours. At the end of the 16 hour reaction time, the reacUon 
nuxture was aUowed to cool to room temperature and poured into a beaker 
containing isopropanol ( 1 Uter). The polymer was precipitated out as a white sohd. 
which was coUected and ground to small pieces in a blender using isopropanol as a 
15 solvent. The pieces were coUected by filtration and the polymer was dried under 
vacuum at 60<'C for 2 days. The material was ground to a fine powder (82 g), which 
was used for the in vitro and in vivo studies. 

. The following polymers of Table 4 with varying composition of acrylamide, 
TMAEAC and octadecyl acrylate were prepared using the above procedure. 
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EXAMPLE ,25: PRBPAItATION OP COPOLYMER OF ACRYL^E 

ACRYLCHLOWI>EQSAI-TCIMAEAC)(75MOLE%y 
DODECYLACRYLATE (5 MOLE %) 

-I00-minoles,-20.mole/o), dode y ^ y _ 



iMnnmT^ The mixture was purged with nitrogen loriu 

^r,onred into a beaker containing isopropanoU inter;, in v 

Ita I» soUi was coHec^d and ground s^U 
waspreapitaKdontasawniK , The nieces were collected by 

piecesinablenderuaingisopropanolasasolven.. ^^^^ 

m».ona«dd.ep..y».r^«'*-»^J--;^^;^^J^,,^ 

-4— /aft a^ which was used for tne in vuru on 
was ground to a fine powder (80 g), wmcn 

Td,! THepoly.e.otT.«c5we.p«paredusin,d«a.oveproc^ore. 



Tables 
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EXAMPLE 141 : PREPARATION OF COPOLYMER OF ACRYLAMIDE 
(20 MOLE %)/TRIMETHYLAMINOETHYL 
ACRYLCHLORE)E Q SALT (TMAEAC) ( 80 MOLE %) 
To a 1 -liter, three-necked Qask equipped with condenser and stir bar, were 
5 added trimethylaminoethyl acrylchloride quaternary salt (TMAEAC) 50% aqueous 
solution (154.76 g of 50% solution, 400 mmoles, 80 mole%), acrylamide (7.1 Ig, 
100 nunoles, 20 mole%), and isopropanol (400 mL). The mixture was purged with 
nitrogen for 10 min before the addition of a radical initiator, ATON ( 330 mg, 
~ 2 iiunole7).~TTie mixtoTwas~heated to 
10 reaction mixture was allowed to cool to room temperature and poured into a beaker 
containing isopropanol (1 liter). The polymer was precipitated out as a white solid, 
which was collected and ground to small pieces in a blender using isopropanol as a 
solvent. The pieces were collected by filtration and the polymer was dried under 
vacuum at 60'C for 2 days. The material was ground to a fine powder (80 g), which 
1 5 was used for the in vitro and in vivo studies. 

The polymers of Table 6 were prepared using the above procedure 



Table 6 



C.or^^l. W« i Arrvl;,mif1e ( mnle %^ 1 TMAF AC fmolft %) 


142 


0 


100 


143 


10 


90 


141 


20 


80 


144 


35 


65 


145 


50 


50 



EXAMPLE 146: PREPARATION OF METHYLENEBISACRYLAMIDE 
25 (4 MOLE %) CROSS-LINKED POLYMERS OF 

ACRYLAMIDE (20 MOLE %)/TRIMETHYLAMINO- 
ETHYL ACRYLCHLORIDE Q SALT (TMAEAC) 
(78 MOLE %)/ OCTADECYL ACRYLATE (2 MOLE %) 
To a 1-Uter, three-necked flask equipped with condenser and stir bar, were 
30 added trimethylaminoethyl acrylchloride quaternary salt (TMAEAC) 50% aqueous 
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sotaUon (1 50.90 g of 50% soluUon. 390 ancles. 78 mole%), »:ryl3nud. ( .U g . 
,00 nm,ol=s, 20 molc%), o«ad»:yl acytatt ( 3.25 g. 10 mm.l«. 2 mo.e%) 
„eU,y,c„ebisaay.a.»id=(3.0Sg.20«m..e.4«..%) andean. (300n^)w^ 

5 ^cal»utiator.AIBN (330 mg, 2 mmoles). ThemixnTewastottdtoTO Cta 
,6 hours. At .he end of .eacion, reaction nto™. »as How*! to ccol to n»rn 
^^eandpouredintoabeakereontammgisopropanoKl Utcr). Thepoymer 

. -...was-precipitSeiMMJ white sohd, .Mch wa. collected and gromrf to sm^ 

piecesinabletrferusingisopropanolasasolvent The pieces were ooU.c,«i by 
,0 fii^tonandthepolymerwasdriedundervacunmatao-Cforadays. Themater^l 
«as ground to a fine powder (84 g), which was used for the in vi.ro and in v.v. 
Studies. 



The CO] 



,nipounds of Table 7 were prepared using the above procedure. 



Table? 
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EXAMPLE 158: 



PREPARATION OF METEIYLENEBISACRYLAMIDE 

(4 MOLE %) CROSS-LINKED POLYMER OF 
ACRYLAMIDE (20 MOLE %yrRIMETHYLAMINO- 

ETHYL ACRYLCHLORIDE Q SALT (TMAEAC) 

5 (75 MOLE «/.)/DODECYLACRYLATE (5 MOLE %) 

To a l-liter. three-necked flask equipped with condenser and stir bar. were 

added trin^ethylandnoethyl acrylchloride quaternary salt (TMAEAC) 50% aqueous 

- - solution-(145.80^^ 

100 mmoles. 20 moleo/o). dodecylacrylate (6.01 g, 25 nunoles, 5 moWo) 
,0 methylenebisacrylan.ide(3.08g.20nunoles.4moleO/o) and etbanol (300 ni) 

.,enn«urewaspurgedwithni«>genforlOn±.beforetheaddmonofara^.c^ 

initiator.AIBN(330mg,2nunoles). The nuxture was heated to 70 Cforl6hours. 
Thereactionmixture was allowed to cool toroom temperature andpouredmtoa 
beaker containing isopropanol(lUter).Thepolymerwasprecipitated out asawh^te 

15 solid, which was collected and ground to small pieces in ablenderusmg 

isopropanolasasolvent. Thepieces were coUectedby filtration and thepo^er 

wasdriedundervacuumat60-Cfor2days. Tlxe material was ground to a fine 
powder(80g). which wasused for the.. v.>.andi«v.vo studies. The followmg 

cross-linked polymers were prepared. 
20 The polymers of Table 8 were prepared using the above procedure. 

Table 8 



30 



Example j Acrylamide 



-tig 
159 



TMAEAC i Dodecylacrylate 
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EXAMPLE 170: PREPARATION OF COPOLYMER OF 
METHACRYLAMIDE (20 MOL%)/ 
TRIMETHYLAMINOETHYL METHACHLORIDE 
QUATERNARY SALT (TMAEMC) 
5 (78 MOL%)/OCTADECYL METHACRYLATE (2 MOL%) 

To a 1 liter, three necked, round-bottomed flask equipped with condenser, 
stir bar, heating mantle (with J-Kem temperature controUer) and nitrogen bubbler 
was added: trimethylammonioethyl methacrylate chloride (TMAEMC) -75% 

"'""aqueousl7:i9g-(420r39-iSmol)ToctMedyl-m^^ 

10 methacrylamide (9.16 g, 107.76 mmol), and ethanol (300 mL). THe total amount of 
monomer solids should be 100 g. Nitrogen was allowed to bubble through the room 
temperature monomer mixture for at least 20 minutes before adding 0.275 g AIBN 
[2.2'-azobis(2-methyl-propiomtrile)]. At this point the nitrogen was set to blanket 
thl mixture and the heat was mmed on to 70X. The reaction was allowed to heat 
15 for 22 hours at 70X. While the polymer was still warm it was poured from the 
flask into a Nalgene bucket and allowed to stand for at least three hours in each of 
four l-liter washmgs of isopropanol. Once the polymer became slightly 
rigid/rubbery it was broken up into small chunks using a blender (with isopropanol 
as the Uquid). The granular product was filtered and washed with more isopropanol 
20 and placed in a crystalUzing dish in a 70»C convection oven for two days. After 
this time, the product was removed and ground to a fine powder using a gnnder and 
placed back in the oven for two more days. GPC analysis of octadecyl methacrylate 
• contaming polymers shows MW ranges form 100K-150Kwithpolydispersit.es 
ranging from 2.5-5. The following table gives general mole percent composiUons 
25 of polymers prepared in this fashion. 



The polymers of Table 9 were prepared using the above procedure. 
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Table 9 



10 



15 



20 



Example 
No 



Methacrylamide 
(mole %) 



TMAEMC 
(mole %) 



Octadecyl 
Methacrylate 

fmole %\ 




EXAMPLE 184: 



PREPARATION OF COPOLYMER OF 
METHACRYLAMIDE (20 MOL%)/ 
TRIMETHYLAMINOETHYL METHACRY- CHLORIDE 
QUATERNARY SALT (TMAEMC) (75 MOL%)/ 
DODECYL METHACRYLATE (5 MOL%) 
To a 1-liter, three-necked, round-bottomed flask equipped with condenser. 
surbar,heatingmanUe(withJ.Kem temperature controUer)andnitrogenb^^^ 
25' wasadded:trimethylammonioethylmethacrylatecmorideCmAEMC)~75^^^ 
aqueous(83.97g.404.86mmol).dodecylmethacrylate(6.85g.26.96mmol), 
Lacrylamide(9.18g.l08.0mmol),andethanol(300mL). The total amou^^ 

„solidsshouldbelOOg.Nitrogenwasallowedtobubbletl.ou^*^^^^ 
temperature monomer mix..e for at least 20 mxnutes before addmg0.275g/aBN 

30 [2,r-azobis(2-methyl.propiomtrile)]. At this point, the nitrogen was set to blanket 
themixture and .heheat was turnedonto70»C.Ther.actionwasallowedto heat 

for22hoursat70»C. While the polymer was still warm it was poured from the 
flask intoaNalgenebucket and allowed to standfor at least threehours in each of 

four l-liter washings of isopropanol. Once the polymer became shghtly 
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rigid/mbberyitwasbrokenup into small chuiJcsusingablenderCwithisop^^^^ 
as the liquid). THe granular product was filtered and washed with more isopropanol 
and placed in a crystallizing dish in a TOX convection oven for two days. After 
this time, the product was removed and ground to a fine powder using a grinder and 
placed back in the oven for two more days. GPC analysis of dodecyl methacxylate 
containing polymers shows MW ranges fonn 170.190K with polydispersities 
ranging from 2.3-2.8. Table 10 gives general mole percent compositions of 
pojymers prepared in dus fed^^^ 

The polymers of Table 10 were prepared using the above procedure. 



10 



Table 10 



15 



20 



Example 



Methacrylamide 



TMAEMC 



Dodecyl metrhacrylate 




25 EXAMPLE 196: PREPARATION OF COPOLYMER OF TMAEMC 

(80 MOL%yMETHACRYLAMIDE (20 MOL%) 
To a l-liter, three-necked, round-bottomed flask equipped with condenser, 
stir bar. heating mantle (with J-Kem temperature controller) and nitrogen bubbler 
was added: trimethylammonioethyl methacrylate chloride (TMAEMC) -75% 
30 aqueous, (90.71 g, 437.36 mmol), methacrylamide (9.29 g. 109.29 mmol). and 
ethanol(300mL). The total amount ofmonomer solids should be lOOg. Nitrogen 
was allowed to bubble through the room temperature monomer mixture for at least 
20 minutes before adding 0.275 g ABN [2.2'-azobis(2-methyl-propionitrile)]. At 



wo 99/34787 



-48- 



PCT/US99A)0028 



10 



this point, the nitrogen was set to blanket the mixture and the heat was turned on to 
70°C. The reaction was allowed to heat for 22 hours at 70-C. While the polymer 
was still warm it was poured from the flask into a Nalgene bucket and allowed to 
stand for at least three hours in each of four 1-liter washings of isopropanol. Once 
the polymer became slightly rigid/rubbery it was broken up into small chunks usmg 
a blender (with isopropanol as the Uquid). Hie granular product was filtered and 
washed with more isopropanol and placed in a crystallizing dish in a 70°C 
--.eonvection.ovenfortwodays._MertMsJirne&eproduc^w^ 

to a fine powder using a grinder and placed back in the oven for two more days. 
Table 11 gives general mole percent compositions ofpolymers prepared in this 



fashion. 



The polymers of Table 1 1 were prepared using the above procedure. 



Table 11 



15 



20 



25 



197 1 
196 


Methacrvlani'fle ^mole %) 
0 

20 


100 
80 


198 
199 


35 
50 


65 



EXAMPLE 200: 



30 



PREPARATION OF METHACRYLATE 
METHYLENEBISMETHACRYLAMIDE ( 2M0LE %) 
CROSS-LINKED POLYMER OF METHACRYLAMIDE 
(20 MOL%)n-MAEMC (78 MOL%)/ OCTADECYL 
METHACRYLATE (2 MOL%) 
To a 1-liter, three-necked, two-part reaction flask equipped with condenser, 
mechanical stirrer, water bath, and nitrogen bubbler was added 
trimethylammonioethyl methacrylate chloride (TMAEMC), -75% aqueous 
(87 19 g 420.39 mmol) octadecyl methacrylate (3.65 g.10.80 mmol), 
methacrirlamide (9.16 g. 107.76 mmol), and ethanol (400 mL). The total amount of 
monomer solids should be 100 g. To this was added an additional 2 mole percent 
(of total monomers) N.N'-methylenebismethacrylamide (1 .96 g. 10.76 mmol). 
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10 



15 



Nitrogen was aUow^.obubb.e*r„ugh*eroo,„.emp«3mre,no„om.nuxtu« for 

3. ,«s. 20 -.inutts before «UiBg 0.275 g ABN [2^ •-^obis(2-m.U,yl- 
pr„pio«»ae)].A.«u.poin.fl»»»gen»asse,>obUnke,*em««r=3„d*c 

e:w.»„e.<„«.70-C. 0»e .be po^b.«.»ge. .he sUrr^g wasted 
offi,oUlhea.ing.nne3t70X»..pp™xi.-ly5b.urs.Werw^^^ 
a„ „.dcooUow.»roo».empera»re.nds.»dovemigh.. TbegeU=dprod.« 
wa. scooped ou, of .be flask a„ds«ott»u>ac.ear gel inaSOOmL^epropano. 

,OOO.nLwa.ernux»e. The ge>»as washed «wi«. 1000 ..iisop»pa"0' 
■ fiUeringovVa50:mesh sieve 0„ceU,epolyftab««.s«gWy«^^^ 

„as broken up into s.all cb.:^ using ^ blender (wi* isopropanol as ..,u.d> 
Thep,oduc.wasffl.eredoverasieve.wru„gou^andpla«dinad,ymgd.3hma 

TOXconvecdonovenforiwodays. After 4is toe, *e product was amoved and 
g„„nd»afinepowderusingagnnderandp,»edbaclcind,eovenfor»on.o« 

lys in a glass crysulH^. disb. Tabic ,2 gives general mole percent con^mons 
of polymers prepared in this fashion. 

The polymers of Table 12 were prepared using the above procedure. 



Table 12 



20 



25 



30 



Example 
No. 



Methacryl- 
amide 
rmole%Y 



TMAEMC 
(mole %) 



OctadecylMeth- 
acrylate 



Methylenebismeth' 
acrylamide 
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15 



EXAMPLE 214- PREPARATION OF METHACRYLATEMETHYVENE- 
BISMBTHACSIYLAMIDE ( 2M0LE %) CROSS-LINKED 
POLYMER OF METHACRYLAMIDE (20 MOL%y 
TMAEMC (75 MOL%y DODECYL METHACRYLATE 

(5M0L%) 

To a 1 -liter, tta«-n«ked. mo-part reaction flaslc equipped with «>"<1«^. 
„echamcalsti.rer,«aerbath,aiKi.»t.ogeabubblerwa5added: 
™e,hylammo»o..hyl,n«hacryl»=hlodaeCrMAEMC).-75%a,u«M»lu^^^^ 

(, 18g 108 0 mmol) and ethanol (400 mL). The total amomtt of monomer sohds 
should be 100 g. To this was added an addiHonal 2 molep«cent (of total monomers) 
N N'-methylenebismethacrylamid. (1 .96 g. 10.79 mmol). Nitrogen was allowed ^ 
bubhle.hrough.heroom.emperaturemo„omermixh«f6ra.least20mim«esbefore 

adding 0.275 gAIBNl2^'-azobis(2-methyl.propio,urtle)). At this pout,, the 
„i,rogenwassettob«etthemi«ureandthehea,wast„n,edonto70 C. Oncethe 

polymer b.g». to gel the stirring was turned off; u=tal heating time a. 70-C was 
approxhnately5ho«rs.Thepolymerwasth=uallowedoooldown.oroom 

and stand ovemi^t The geUed ptoduct was scooped out of the Hask and 
swollen to.clear gel inaSOOmLi^propa^l/lOOOmL water mixmre. The gelwas 

I washed 6X wift 1000 mL of isopropanol filtering over a SO-meah sieve. Once the 
polymerbecameslighUyrigid/ntbberyitwasbrolcenupmtosmailchunksusmg. 

blend=r(wi,hisop,opano>as,heli<,uid).Theprodactwasfflte,.doveras,eve,»™^ 
■ „„.a„dplac=dinad,yingdishina70-Cconvectionoveufor,wodays. Afl^th. 

dme. the product was removed and pomtdtoaflne powder usingagrmder and 
5 placcdbackiutheoventornvomoredaysinaglasscrystaUiringdish. Tablel3 
gives general mole pendent compositions of polymers prepared in this fastaon. 
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Table 13 



10 



15 



20 



25 




30 



EXAMPLE 226: PREPARATION OF MEIHACRYLATEMETHYLENEBIS- 
METHACRYLAMIDE (2M0LE %) CROSS-LINKED 
POLYMER OF METHACRYLAMIDE (20 MOL%)/ 
TMAEMC(80MOL%) 
To a 1 -liter. Ihree-necked, two-part reaction flask equipped with condenser, 
mechanical stirrer, water bath, and nitrogen bubbler was added: 
trimethylammonioethylmethacrylatechlorideCTMAEMC) ~75o/o aqueous solution 
(90 71 g 437.36 nunolXmethacrylamide 9.29 g (109.29 mmol), and ethanol 
(400ml!) TlxetotalamountofmonomersolidsshouldbelOOg. To this was added 
anadditiond2molepercent(oftotalmonomers)N.N'-methylenebismethacryl^^ 
(1 989 1093 mmol). Nitrogen was allowed to bubble through the room 
tempe^ture monomer mixture for at least 20 tninutes before adding 0.275 g ABN 
12 2'-azobis(2-methyl-propomtrile)]. At this point, the nitrogen was set to blanket 
thl mixture and the heat was turned on to 70"C. Once thepolymer began to gel the 

stirring is turned off; total heating time at 70X was approximately 5 hours. The 
polymer was then allowed cool down to room temperature and stand overmght. The 
gelled product was scooped out of the flask and swollen to a clear gel in a 500 mL 
isopropanoy 1000 mL of water mixture. Hie gel was washed 6X with 1000 mL 
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isopropanol filtering over a 50-mesh sieve. Once the polymer became slightiy 
rigid/rubbery it was broken up into small chunks using a blender (with isopropanol as 
the liquid). The spongy product is filtered over a sieve, pressed dry, and placed in a 
drying dish in a 70°C convection oven for two days. After this time the product was 
removed and ground to a fine powder using a grinder and placed back in the oven for 
two more days in a glass ciystalUzing dish. Table 14 gives general mole percent 
compositions of polymers prepared in this fashion. 



10 



15 



Table 14 



Example 

No. 


Methacrylamide 


TMAEMC 
(ma\e%) 


Methylenebismeth- 
AcTvlamidR ^mole 
2 


227 
226 


0 

20 


100 
80 


2 


228 


35 


65 


2 


229 


50 


50 


2 



METHOD FOR DETERMINING BINDING OF EMULSION PARTICLES BY 
LIPID-BINDING POLYMERS USING AN OLIVE OIL EMULSION WTIH 
PHYSIOLOGICAL EMULSIFIERS 



PREPARATION OF OLIVE OIL EMULSION FOR LIPID-BINDING ASSAY 



EMULSIFIER SOLUTION 

20 Egg yolk lecithin 2.54 mmol (2.00 g) and cholesterol 1 .25 mmol (0.483 g) 

' were dissolved in 100 mL of chloroform in a 1-Uter, romid-bottomed fiask and the 
solvent was removed rapidly using a rotary evaporator. A coating of lecithin and 
cholesterol resulted, adhering to the walls of the flask. This fihn was held under 
vacuum for 12 hours. The sodium salts of the following bile acids were then added 

25 to the fiask: glycocholic 1.217 g (2.496 mmol), taurochoUc 0.895 g (1.664 mmol), 
glycodeoxycholic 1 .766 g (3.744 mmol), taurodeoxycholic 1.302 g (2.496 mmol). 
An aqueous buffer consisting of O.IM 2-[N-morpholino]ethanesulfonic acid (MES) 
and 0.1M sodium chloride was prepared and the pH was adjusted with 50% NaOH 
to pH = 6.5. 1 liter of this aqueous buffer was added to the flask containing the 

30 coatmg of lecithin and cholesterol, and this mixture was stirred for 3-4 hours. 
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During this time, the coating of lecithin and cholesterol was dispersed in solution. 
A cloudy solution resulted. 

EMULSION 

In a 400 mL. thick-walled beaker, were mixed highly refined acid free olive 
5 oil3149g.andoleicacid3.51g. The emulsifier solution described above was then 
added to bnng the total weight of the mixture to350g.Al-inch drying coated stir 

bar was added, and the mixture was stirred magnetically for 2-5 mmutes. The 
" " -„,rxtu^e was then irradiated with 2 

of magnetic stirring between bursts) using a Branson Sonifier 450 operated at 
10 maximum power with a 3/4" solid hom. The pHofthe resulting emulsion was 

adjusted to 6.5 (at 20»C). The emulsion prepared in this way was used immediately 

in the fat binding test, but could be kept in a refrigerator (4X) for a week. 

When the physiological emulsion described above was mixed with test 

polymers, it was observed that a soUd polymerAipid complex would form in some 
15 cases. Atestwasdevisedtomeasurethequantityof lipid absorbed by the test 

polymers from the physiological emulsion. 

LIPID BINDING TEST 

Tlxe test polymer (25 mg) was weighed into a tared 20 mL centrifuge filter 
cup withalOmicronpolypropylenemesh filter (Whatman VECTASPIN20™ 
20 centrifuge filter). The bottom ofthe filter cup was then sealed with tape to prevent 
• solution from leaking out during the test. Using an analytical pipette, an aqueous 
buffer solution (3 mL) containing NaCl (O.IM). andMES (O.IM) atpH = 6.5 was 
added to the filter cup. Th. filter cup was inserted into its companion centnfixge 
tube and sealed with a cap. Tlus assembly was agitated in an orbital shaker for at 
least 1 hour in order to dissolve or disperse the test polymer. The olive oil emulsion 
described above (15 mL) was then added to the filter cup using an analytical pipette. 
The cap was replaced, and the centrifiige tube shaken (250 rpm) on an orbital mixer 
for aperiod of one hour. The centrifiige filter device was then disassembled so that 
the tape could be removed from the bottom ofthe centrifiige filter cup. It was 
inmiediately reassembled and spun in acentrifiige at an RCF of 500 G. and at 25X 



25 



30 
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for 30 minutes. The centrifuge filter device was removed from the centrifuge and 
disassembled. The filter cup was weighed to obtain the weight gain of the wet 
polymerAipid complex. This material was the removed &om the filter cup with a 
spatula, and placed into atared glass vial. The vial was weighed again to obtain the 
5 weight of the polymer/lipid sample. The vial was then placed into a centrifiigal 
evaporator, and dried at eO'C under vacuum until a pressure of 0.15 Torr or less 
was achieved (8-18 hrs). The vial was removed and weighed to obtain the dry 
weight of the polymer/lipid complex sample. The amount of lipid absorbed by the 
' " ' original 25 mg'polynie7sain^e-i£ the filter ci^ waS then caJculated; -This 
10 gravimetric result was used as a measure for lipid binding by the polymer, and is 
listed in the accompanying table as lipid weight absorbed (g) per gram of polymer. 
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TABLE 15 
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TABLE 15 continued 



25 



30 



Example No. 


Lipid weigni vS/ 
absorbed by 1 
gram of polymer 


Example No. 


Lipid weight (g) 
absorbed by 1 
gram oi poiyint;* 


._ 

124 


50 


180 


J 1 


125 


59 


181 


05 


126 


52 


182 


DU 


127 


56 


183 


ji 


128" ~ " " 


66 


^184 


0-L _ . - . 


129 


62 


185 


1 


130 


60 1 


186 


0/ 


131 


59 1 


187 


Lt 


132 


58 1 


188 


i 


133 


59 1 


189 


A1 

43 


134 


49 1 


190 


1 A 
lU 


135 


49 


191 


*> 


136 


43 


192 


Oo 


137 


57 


193 


0/ 


138 


64 


194 


01 


140 


63 


1 195 


04 


141 


66 


1 196 


lo 


166 


48 


1 197 


Q 

o 


167 


59 


1 198 


1 1 


168 


61 


1 199 


C 


169 


39 


1 202 


0 

V 


172 


61 


1 203 


0 


173 


33 


1 204 


1j 


174 


39 


1 205 


7 


175 


65 


t 206 


3 


176 


15 


1 207 


22 


177 


37 


1 208 


4 


178 


21 


1 209 


3 


179 


24 
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IN VIVO TESTING OF FAT-BINDING POLYMERS 

The non-crosslinked and crossUnked fat-binding polymers of Examples 5. 6. 
10, 72, 173 and Chitosan were evaluated for their ability to increase the excretion of 
fat in the feces, relative to the control group, in normal rats over a six-day period. 
5 Male Sprague-Dawley rats (five to six weeks of age) were individually housed and 
fed ad libitum a powdered "high-fat dieV consisting of standard rodent chow 
supplemented with 15% lard by weight. After feeding the animals this diet for five 
days,.the.anm^s_w_ere weired and sorted into ttie ^eatment or conttol groups (4-6^ 
animals per group, each group having equal mean body wei^ts). Animals were 
10 treated for six days with the test compounds, which were added to the "high-fat 

diet" at concentrations (w/w) of 0.0% (control). 2.0 or 5.0 percent of the diet. In one 
study chitosan was evaluated for its effect on fecal fet excretion. 

Rat fecal samples were coUected on the final three days of the six days of 
drug treatment The samples were freeze dried and ground to a fine powder. One 
15 half gram of sample was weighed and transfened to extraction cells. Samples were 
extracted in an accelerated solvent extractor (ASE 200 Accelerated Solvent 
Extractor, Dyonex Corporation. Sumiyvale. CA) with 95% ethanol, 5% water and 
100 mM KOH. The sample was extracted in 17 minutes at 150»C and 1500 psi. An 
aliquot of extract was transferred to a test mbe containing a molar excess of HCl. 
20 The sample was then evaporated and reconstimted in a detergent solution consisting 
of 2% Triton X-1200, 1% polyoxyethylene lauryl ether and 0.9% NaCl. Fatty acids 
were then quantitated enzymatically with a colorimetric kit (NEFAC, Wako 
■ Chemical GmbH, Neuss, Germany). 

Table 16 contains values for fecal fat excretion as apercentage of ingested fat. 

25 
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Table 16: IN VIVO EFFICACY OF FAT-BINDING POLYMERS 



10 



Example Identification 


Dose (w/w 
percent of diet) 


Fecal Fat Excretion 

% Of Ingested rat 


Example 6-PAA 3% XL, 10% C12 


5 


40 


Example 6-PAA 3% XL, 10% C12 


2 


12 


Example 5-PAA9.4%XL 


2 


22 


Example 10-PDA 4.5% XL 


2 


30 


-Example 72-PDA 4.5%.XL, 1.1%.C12__ 


2 


29 


Example 173-TMAEMC (90 mol%) + 
octadecyl methaciylate(lO mol%) 


2 


20 


Chitosan 


2 


8 



Fecal Fat/Consumed Fat was calculated as follows: Fatty acid concentration 
from the enzymatic assay was expressed as mmoymL. The mmol/mL of fatty acid 
was then multiplied by the number of mL of extract generated from 500 mg of 
sample to give the total mmol of fatty acid. The value for the total nunol of fatty 
15 acid was converted to total mg of fatty acid using the average molecular weight of 
medium to long chain fatty acid (270 D). The value was corrected for any dilutions 
made during sample workup. When results are expressed as mg/gm of feces, the 
total mg of fatty acids is multiplied by 2. When results were expressed as total mg 
of fatty acid excreted in 24 hours, the mg/gm of feces value was multipUed by fecal 
20 weight in grams excreted in 24 hours. When the results were expressed as excreted 
fat as a % of that consumed in 24 hours, the total weight of fat excreted in 24 hours 
was divided by the weight of fatty acids consumed over 24 hours and multiplied by 
100. 

While this invention has been particularly shown and described with 
25 references to preferred embodiments thereof; it will be understood by those skilled 
in the art that various changes in form and details may be made therein without 
departing from the spirit and scope of the invention as defined by the appended 
claims. Those skilled in the art will recognize or be able to ascertain using no more 
than routine experimentation, many equivalents to the specific embodiments of the 
30 invention described specifically herein. Such equivalents are intended to be 
encompassed in the scope of the claims. 
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CLAIMS 



1. 



What is claimed is: 

A method for treating obesity in a mammal, comprising the step of orally 
administering to the mammal an effective amount of one or more fat-bindmg 
polymers in combination with one or more Upase inhibitors. 



2. 



15 



4. 



20 



25 



The method of Claim 1 wherein the fat-binding polymer is selected from tiie 

"group"cons7sting of7olyalkyiactylates;poly^cryM^ 



polyalkylmethacrylates, polymethacrylamides, poly-N-alkylacrylamides, 
poly-N-alkybnethacrylamides, substituted derivatives thereof and 
10 copolymers thereof. 

3 The method of Claim 2 wherein the fat-binding polymer is 

poly(dimethylamino propylacrylamide). poly(trimethylammonium 
ethylacrylate), poly(trimethylammoniumethyl methacrylate), 
poMtrimethylammoniumpropylacrylamide). poly(dodecyl acrylate), 
poly(octadecyl acrylate), poly(octadecyl methacrylate) or copolymers 
thereof. 



The method of Claim 2 wherein the polymer is crosslinked by a 
multifunctional co-monomer. 



5. The method of Claim 4 wherein the multifimctional co-monomer is selected 
from the group consisting of diacrylates, triacrylates, tetraaciylates. 
dimethacrylates. diacrylamides, dimethacrylamides, diallylacrylamides and 
polyvinylarenes. 

6 The method of Claim 5 wherein the multifunctional comonomer is selected 
from the group consisting of ethylene glycol diacrylate. propylene glycol 
diacrylate. butylene glycol diacrylate, ethylene glycol dimethacrylate, 
butylene glycol dimethacrylate. methylene bis(methacrylamide). ethylene 
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8. 

10 



15 



bisCacrylamide). ethylene bis(methacrylamide). ethyUdene bis(acrylamide), 
ethylidene bis(methacrylamide). bisphenol A dimethacrylate, bisphenol A 
diacrylate. pentaerythritol tetraacrylate. trimethylolpropane triacrylate and 
divinylbenzene. 

The method of Claim 4 wherein the amount of crosslinking agent is between 
about 0.5 and about 25 weight percent based on the combined weight of 
crosslinking ^ent and monomos. 

The method of Claim 1 wherein the Upase inhibitor is selected from 
lipstatin, tetrahydrolipstatin or a combination thereof. 



9. The method of Claim 1 wherein the fat-binding polymer is a synthetic amme 
polymer 

10. The method of Claim 9 wherein the amine polymer is selected from the 
group consisting of poly(allylamine), poly(ethyleneimine), 
poly(vinylamine). poly(diallylamine), and poly(diallyhnethylamine). 

11 The method of Claim 10 wherein the amine polymer is crosslinked by means 
of a multifunctional crosslinking agent, said agent being present in an 
amount from about 0.5%-25% weight, based upon the combined weight of 
monomer and crosslinking agent. 



20 12. 



The method of Claim 9 wherein the amine polymer further comprises one or 
hydrophobic regions bound to a portion of the amine nitrogens. 



more 



25 



13. The method of Claim 12 wherein the hydrophobic regions are bound to 
between about 1 and about 60 percent of the amine nitrogens. 

14. The method of Claim 13 wherein the hydrophobic regions are bound to 
between about 1 and about 30 percent of the amine nitrogens. 



wo 99/34787 



-61- 



PCT/US99/00028 



15. The method of Claim 12 wherein the hydrophobic region is a substituted or 
unsubstituted, normal, branched or cyclic alkyl group having at least four 
carbons. 

16. The method of Claim 15 wherein the hydrophobic region is an alkyl group 
5 of between about four and thirty carbons. 

17. _ The meAod^f CJaim 16 where^ 

of about 6 carbons. 



18. The method of Claim 16 wherein the hydrophobic region is an alkyl group 
ofabout 8 carbons. 

10 19. The method of Claim 16 wherein the hydrophobic region is an alkyl group 
ofabout 10 carbons. 

20. The method of Claim 16 wherein the hydrophobic region is an alkyl group 
ofabout 12 carbons. 

21. The method of Claim 16 wherein the hydrophobic region is an alkyl group 
15 ofabout 18 carbons. 

• 22. The method of Claim 9 wherein the amine polymer further comprises one or 
more positively charged regions bound to aportion of the amine nitrogens. 



20 



23. The method of Claim 22 wherein the positively charge region comprises a 
quaternary amine-containing moiety having the following formula: 

R' 



KCHA-N*-R^ 
I 



wo 99/34787 



-62- 



PCT/US99/00028 



R', R^ and R^ represent hydrogen or an alkyl group, wherein each R, 
independently, is a normal or branched, substituted or 
unsubstituted, normal, branched or cyclic alkyl group having 
a carbon atom chain length of between about one to about 
5 twenty-four carbon atoms; 

" n is an integer having a value ofthree or more; and 

Y is a negatively-charged counterion. 

24. The method of Claim 9 wherein the amine polymer ftoher comprises one or 
more hydrophobic regions comprising an alkyl group of between about four 

10 and about twenty-four carbons, and one or more positively charged regions 

comprising a quaternary amine-containing moiety having the following 
formula: 

R' 

1 

15 -(CH3)„-N*-R^ 

I Y- 
R' 



R', R^ and R^ represent an alkyl group, wherein each R, independently, is a 
normal or branched, substituted or unsubstituted, normal, 
branched or cyclic alkyl group having a carbon atom chain 
length of between about one to about twenty-four carbon 
atoms; 

n is an integer having a value of three or more; and 
Y is a negatively-charged coimterion. 



25. The method of Claim I wherein the fat-binding polymer comprises a 
monomer of the formula 
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-[CH2-CH-] 

I 

0 

I 

5 R 

wherein R is a hydrophobic region. 

267 ~ Themetfibd of Ctaim-25- wherein the-hydrophobic-reg^^^ - r - - 

substituted or unsubstituted, normal, branched or cyclic alkyl group having 
at least about four carbons. 

10 27. The method of Claim 25 wherein the hydrophobic region comprises an alkyl 
group of between about four and thirty carbons. 

28. The method of Claim 25 wherein the hydrophobic region comprises an alkyl 
group of about 6 carbons. 

29. The method of Clann 1 wherem the fat-binding polymer is substituted with a 
15 lipase inhibitor. 

30. A method for reducmg the absorption of dietary fat in a mammal, 
comprising the step of orally administering to the mammal a therapeutic 
amount of one or more fat-binding polymers in combination with one or 
more hpase inhibitors. 

20 31. A method for treating steatonrhea resulting from the administration of a 

lipase inhibitor in a mammal, comprising the step of orally administering to 
the mammal a therapeutic amount of one or more fat-binding polymers. 
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32. A method for treating steatorrhea, comprising the step of orally 

administering to the mammal a therapeutic amomit of one or more fat- 
binding polymers. 



33. 



34. 



A method for treating hypertriglyceridemia in a mammal, comprising the 
step of orally administering to the mammal an effective amount of one or 
more fat-binding polymers in combination with one or more Upase 
inhibitors. 



A method for treating obesity in a mammal, comprising the step of orally 
administering to the mammal an effective amount of one or more fat-binding 
10 polymers. 
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1. Claims: 2-8; partly 1, 30, 33, 34 

A method for treating obesity or hypertriglyceridOTia. 
comprising administering to a nairma one o'-^more fat -binding 
polymers, possibly in combination with one or more lipase 
inhibitors; where the polymer is an acrylate,a 
methacrylate; an acrylamide, or a roethacryl amide. 

2. Claims: 9-24; partly 1. 36, 33, 34 

A method for treating obesity or hypertriglyceridemia 
comprising administering to a ™ni« one or more f 
Dolvmers. possibly in combination with one or more lipase 
iShibiS;s;"here the polymer is a synthetic amine polymer. 

3. Claims: 25-28; partly 1. 30, 33, 34 

A method for treating obesity or hypertriglycerideraia. 
Comprising administering to ^n«^l ^''^T'li^i'J^IJ^^^ 
polymers, possibly in combination with one or more lipase 
inhibitors; where the polymer comprises C2H30R monomers, 
wherein R is a hydrophobic region. 

4. Claim : 29 

A method for treating obesity, ^^^ing administering ty 
nianmal one or more fat-binding polymers which have a lipase 
inhibitor bound thereto. 

5. Claims: 31, 32 

A method for treating steatorrhea, comprising administering 
{oTiSSnirone or n^re fat-binding polymers, possibly in 
conbination with one or more lipase inhibitors. 



MematonaiAppGoatianNo. PCT/US 99/08628 



FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 206 



Although claims 1-34 are directed to a method of treatment of the 
human/animal body, the search has been carried out and based on tl 
alleged effects of the compound/confsosition. 



Further defect(s) under Article 17 (2) (a): 



Claim 29. in combination with claim 1, presents subject matter in a vague 
and indefinite way. Claim 29 could be read as meaning "..instead of the 
fat-binding polymer, a lipase inhibitor..". However, in view of the 
description, pages 15-16. the meaning of claim 29 is taken to be 
"fat-binding polymer, covalently bound with a lipase inhibitor". Still, 
it is not clear whether the covalently bound lipase inhibitor of claim 29 
IS the lipase inhibitor of in claim 1. or whether, according to claim 1, 
(one or irore) separate lipase inhibitors are confined with the 
polymer-lipase inhibitor complex of claim 29. 
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